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METHODS F TRAN8CRI PT IOHALLY MODULATING EZPBB88ION OF 
GROWTH FACTOR QEM88 AMD GROWTH FACTOR RBCBPTOR QBKE8 

5 This application is a continuation-in-part of U.S. Serial 
No. 644,292, filed January 18, 1991, the contents of 
which are hereby incorporated by reference into the 
present application. 

10 Background of th. invntion 

f - 

Throughout this application, various publications are 
referenced by Arabic numerals within parentheses. Full 
citations for these publications may be found at the end 
15 of the specification immediately preceding the claims. 
The disclosures of these publications in their entireties 
are hereby incorporated by reference into this 

application in order to more fully describe the state of 

t 

the art as known to those skilled therein as of the date 
20 of the invention described and claimed herein. 



Growth Factors and Growth Fa ctor Recep tors 

25 The proliferation and differentiation of normal cells is 
tightly controlled by exogenous growth factors. These 
polypeptides comprise a diverse group of regulatory 
agents that typically act in a hormone-like receptor- 
dependent manner (1) by initiating a cascade of responses 
involving a variety of key proteins. Some, but not all 
of these factors mediate their pleiotropic action by 
binding to and activating cell surface receptors with an 
intrinsic protein kinase activity (2). Growth factor 
receptors with protein tyrosine kinase activity have a 
35 similar molecular topology. All possess a large 
glycosylated, extracellular ligand (growth factor) 
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binding domain, a single hydrophobic transmembrane 
region, and a cytoplasmic domain that contains the 
tyrosine kinase catalytic domain. This topology results 
in a receptor molecule with the ligand binding domain and 
5 the protein tyrosine kinase domain separated by the 
plasma membrane. Receptor activation due to 

extracellular ligand binding must therefore be translated 
across the membrane into activation of intracellular 
domain functions. Upon ligand binding to its receptor, 
10 a conformation change of the extracellular domain may 
occur, inducing receptor oligomerization which stabilizes 
the interaction between adjacent cytoplasmic domains and 
leads to activation of kinase function by molecular 
interactions (2). While exhibiting a similarity in 
15 structure, the tyrosine kinase receptors, by virtue of 
sequence similarity and distinct structural 
characteristics based on activation by receptor 
oligomerization, can be grouped into different 
subclasses. 

20 

Growth Factors 

Within the past fifteen years, a large number of peptide 
.growth factors have been identified. Many have been 

25 shown to exert potent stimulatory effects on cellular 
proliferation, while others with strong inhibitory 
activities have also been described (3). The actions 
exhibited by a specific peptide growth factor may be 
diverse; that is, it can have proliferative effects on 

30 one cell type while having anti-prolif erative effects on 
a different cell type. Furthermore, the same growth 
factors can show effects unrelated to cellular 
proliferation. One example is epidermal growth factor 
(EGF) , which stimulates the growth of keratinocytes and 

35 fibroblasts while inhibiting proliferations of hair 
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follicle cells and squamous carcinoma cells (4,5,6). EGP 
has also been shown to suppress gastric acid secretion 
(7) . Growth factor action can also be influenced by the 
pr s nc of other growth factors, suggesting an 
5 interaction between peptides in regulating growth factor 
activity. For example, transforming growth factor-^ 
stimulates the in vitro growth of fibroblasts in the 
presence of platelet-derived growth factor (PDGP) , while 
inhibiting their growth in the presence of epidermal 
10 growth factor (EGF) . It appears, therefore, that 
specific peptides are not limited to a single 
physiological activity, but form part of a complex 
cellular signalling pathway. 

15 As stated previously, a large number of growth factors 
have been described. Identification and description of 
each of these factors individually is well beyond the 
scope of this brief introduction. However, listed below 
is a limited number of growth factors to serve as 

20 examples. 

1. Transforming growth factor-^ (TGF-0) : Thus far, at 
least 4 closely related members of the TGF-0 family 
have been described (8,9,10,11). Biological 

25 activities described for TGF-/3 include stimulating 

growth of cells in soft agar (12) as well as 
stimulating mesenchymal cell growth in monolayer 
(13) , TGF-0 is also chemotactic for fibroblasts and 
macrophages (14,15) and was shown to have a 

30 pronounced effect an extracellular matrix production 

by causing an increase in collagen, fibronectin and 
proto-glycan expression (16,17). It has also been 
shown to be a potent inhibitor of a variety of cell 
types, including epithelial, endothelial, lymphoid 

35 and myeloid cells (18,19,20,68). 
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2. Hemopoietic Colony Stimulatory Factors (CSFs) : These 
glycoprotein growth factors are essential for th 
survival , growth and differ ntiation of hemopoietic 
progenitor cells, in vitro . At least five different 
5 classes of CSF have been described: M-CSF 

(macrophage) , GM-CSF (granulocyte/macrophage) , G-CSF 
(granulocyte) multi-CSF or IL-3 (erythroid, 
megakaryocyte and eosinophil) and stem cell factor, 
or c-kit ligand. These have been defined by their 
10 ability to stimulate colony formation of their 

respective cell type in semi-solid cultures of bone 
marrow cells (21). 

3 . Stem Cell Growth Factors (SCGFs) : This group of 
15 growth factors consists of these separate members: 

SCGF-1, which stimulates the proliferation of the 
pluripbtent cells that produce it; SCGF-2, which 
stimulates fibroblast growth and induces them to 
express properties of the transformed phenotype; 
20 SCGF-3, which stimulates the proliferation of friend 

erythroleukemia cells and inhibits their induced 
differentiation (22). 

4. Growth Hormone (GH) : GH has been implicated in major 
25 developmental and basic metabolic regulation 

pathways of the body. Its production is stimulated 
at the level of gene transcription by growth hormone 
releasing factor (GRF) • In 3T3 cells, it was 
demonstrated that growth hormone induced adipose 
30 differentiation (23). 

5. Interleukins: The interleukins are a family of 
protein hormones which regulate the growth, 
differentiation and activities of leukocytes. 
35 Representative members of this family include 
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interleukin 2 (IL-2) which mediates th growth and 
activation of B and T cells, interleukin 3 (IL-3) 
which has hematopoietic growth factor activity, and 
IL-5 which is also known as eosinophile 
5 differentiation factor. 



Growth Factor Receptors 

10 Typically, growth factors bind to their cognate receptor 
and thereby induce conformational changes in the receptor 
which in turn lead to activation of kinase activity (in 
receptor tyrosine kinase family members) that trigger of 
an array of cellular responses, including Na+/H+ 

15 exchanges, Ca 2 * influx, activation of phospholipase c, and 
stimulation of glucose and amino acid transport (2). A 
number tyrosine kinase receptors of potential biological 
importance have been identified. Representative examples 
include: 

20 

1. c-§ifeB2: this oncogene encoded product as a 185,000 
kd transmembrane glycoprotein with tyrosine kinase 
activity which shares sequence similarity to the 
epidermal growth factor receptor (EGF-R) (24). 

25 Originally identified in ethylnitrosourea-induced 

rat neuroblastomas (25), the erbB-2 gene has 
subsequently been shown to be amplified in several 
adenocarcinomas and is overexpressed in about 30% of 
human breast cancer patients (26). p!85erbB-2 was 

30 shown to be necessary for maintenance of the 

malignant phenotype of cells transformed by £rbB-2 
(27), implicating the protein in tumorigenesis. 
Recently; a 30 kD glycoprotein (gp 30) has been 
described which interacts with erbB-2 and may, in 

35 fact, be the ligand for Pl85erbB-2 (28). 
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2. Platelet Derived Growth Factor Receptors: PDGF 
trigger proliferation and chemotaxis by stimulating 
the tyrosine kinase activity of the PDGF receptors. 
Two receptor types exist, called a and B. Each 
responds differently to the various combinations of 
PDGF diners (AA, AB and BB)(68). 

3. c-Jsit: a member of the PDGF receptor subfamily and 
the gene product of the murine white spotting (W) 
locus, c -kit encodes a transmembrane tyrosine kinase 
receptor (29,30). The c -kit/ W gene functions in 
immature progenitor cell populations and in more 
mature cell types of the three cell lineages. 
Recently, the ligand for the c-kit proto-oncogene 
receptors has been identified as the gene product of 
the steel (SI) locus of the mouse (31,32) . 

Some growth factor receptors (e.g. the erythropoietin 
receptor) do not appear to possess intrinsic tyrosine 
20 kinase activity and must transduce ligand binding signals 
by other means. 

The proliferation and differentiation of normal cells is 
tightly controlled by growth factors. However, a variety 

25 of structural alterations in receptor-derived oncogene 
products or else overexpression or inappropriate 
expression of a specific growth factor or inhibition of 
the expression of a factor whose function is to inhibit 
cell growth may release the cell from its normal growth 

30 constraints and result in a transformed cell. 
Constitutive activation of receptor tyrosine kinase 
signalling function can be the result of deletion of the 
extracellular binding domain, thereby eliminating the 
negative control that the structure normally exerts on 

35 the cytoplasmic domains (as in v -erbB and v -kit ) . Point 
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nutations within the extracellular domain can lead to 
intracellular activation, as in v-fros. Overexpression of 
c-firl>B2 is often involved in breast, stomach and ovarian 
cancers, while overexpression of the EGF receptor gene 
5 has been observed in breast, bladder, brain and lung 
tumors. 

clearly, a number of diseases are associated with 
inappropriate expression of growth factor* or growth 
10 factor receptor genes. Pharmaceuticals which restore the 
proper levels of expression would obviously be of use for 
the treatment of these diseases. 

Additionally, there are a number of clinical situations 
15 where a non-physiological increase or decrease of the 
normal levels of growth factors or growth factor 
receptors would be useful; the over expression of growth 
hormone to counteract the degenerative effects of ageing 
or an increase in hematopoietic stem cell factor to 
20 ..bolster immunity are two possible examples. 

Traditional growth factor-based clinical approaches have 
been to supply the growth factors via injection of 
purified protein, or to seek classic receptor agonists/ 
25 in spite of their great potential, protein based 
pharmaceuticals suffer from several general limitations; 
they need to be delivered by injection/ are unstable 
(affecting shelf -life) and they are very expensive to 
manufacture. Here we describe a method to find small 
30 molecular weight organic compounds, which have some of 
the same biological consequences as growth factors , or to 
modulate the level of growth factor receptors. The 
general approach is to screen compound libraries or 
natural products extracts for substances which increase 
35 or decrease expression of the endogenous growth factor or 
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growth factor receptor g nes. 

The expression of a specific gene can be regulat d at any 
step in the process of producing an active protein. 
5 Modulation of total protein activity may occur via 
transcriptional, transcript-processing, translational or 
post-translational mechanisms. Transcription may be 
modulated by altering the rate of transcriptional 
initiation or the progression of SNA polymerase (33). 
10 Transcript-processing may be influenced by circumstances 
such as the pattern of RNA splicing, the rate of mRNA 
transport to the cytoplasm or mRNA stability. This 
invention concerns the use of molecules which act by 
modulating the in vivo concentration of their target 
15 proteins via regulating gene transcription. The 
functional properties of these chemicals are distinct 
from previously described molecules which also affect 
gene transcription. 

20 Researchers have documented the regulation of 
transcription in bacteria by low molecular weight 
chemicals (34,35). Extracellular xehobiotics, amino 
acids and sugars have been reported to interact directly 
with an intracellular proteinaceous transcriptional 

25 activator or repressor to affect the transcription of 
specific genes. 

Transcriptional regulation is sufficiently different 
between procaryotic and eucaryotic organisms so that a 

30 direct comparison cannot readily be made. For exainple, 
procaryotic cells lack a distinct membrane bound nuclear 
compartment. Furthermore, the structure and organization 
of procaryotic DNA elements responsible for initiation of 
transcription differ markedly from those of eucaryotic 

35 cells. 
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Tbe eucaryotic transcriptional unit is much more complex 
than its procaryotic counterpart and consists f 
additi nal elements which are n t commonly found in 
bacteria, including enhancers and other cis-acting DNA 
5 sequences (36,37). Procaryotic transcription factors 
most commonly exhibit a "helix-turn-heiix* motif in the 
DMA binding domain of the protein (38,39). Eucaryotic 
transcriptional factors frequently contain a "zinc 
finger" (39,40), a "leucine zipper" (41), a/"helix-loop- 
10 helix" or "helix-turn-helix" motif (42). Furthermore, 
several critical mechanisms at the post-transcriptional 
level such as RNA splicing and polyadenylation are 
typically not found in procaryotic systems (43,44). 

15 In higher eucaryotes, modulation of gene transcription in 
response to extracellular factors can be regulated in 
both a temporal and tissue specific manner (45) . For 
example, extracellular factors can exert their effects 
by directly or indirectly activating or inhibiting 

20 tissue specific transcription factors (45,33). 

Modulators of transcription factors involved in direct 
regulation of gene expression have been described, and 
include those extracellular chemicals entering the cell 

25 passively and binding with high affinity to their 
receptors-transcription factors. This class of direct 
transcriptional modulators include steroid hormones and 
their analogs, thyroid hormones, ret inoic acid, vitamin 
D, and its derivatives, and dioxins, a chemical family of 

30 polycyclic aromatic hydrocarbons (40,46,47). 

Dioxins are molecules generally known to modulate 
transcription, however, dioxins bind to 
naturally-occurring receptors which respond normally to 
35 xenobiotic agents via transcriptionally activating the 
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egression of cytochrome P450. Similarly, plants also 
have naturally occurring receptors to xenobiotics to 
induce defens pathways. For exampl , the fungal pathogen 
Phytophthora megasperma induces an anti-fungal compound 
5 in soybeans. Such molecules which bind to the defined 
ligand binding domains of such naturally occurring 
receptors are not included on the scope of this 
invention. 

10 The clinical use of steroid hormones, thyroid hormones, 
vitamin D, and their analogs demonstrates that agents 
which modulate gene transcription can be used for 
beneficial effects, although these agents can exhibit 
significant adverse side effects. Obviously, analogs of 

15 these agents could have similar clinical utility as their 
naturally occurring counterparts by binding to the same 
ligand binding domain of such receptors. These types of 
molecules do not fall within the scope of this invention 
because they function by binding to the ligand-binding 

20 domain of a receptor normally associated with a defined 
physiological effect. 

indirect transcriptional regulation involves one or more 
general signal transduction mechanisms. This type of 

25 regulation typically involves interaction with a 
receptor, the receptor being part of a multistep 
intracellular signaling pathway, the pathway ultimately 
modulating the activity of nuclear transcription factors. 
This class of indirect transcriptional modulators include 

30 polypeptide growth factors such as plateletrderived 
growth factor, epidermal growth factor, cyclic nucleotide 
analogs, and mitogenic tumor promoters such as PMA 
(48,49,50). 
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both organic and inorganic, e.g. m tal ions, can 
non-specifically modulate transcription. Most heavy 
m tals modulat gene expr ssi n through r ceptors in a 
mechanism similar t that employed by dioxin, steroid 
5 hormones, vitamin D3 and retinoic acid. 

Researchers have used nucleotide analogs in methods to 
non-specifically modulate transcription. The mechanism 
involves incorporating nucleotide analogs into nascent 
10 mRNA or non-specifically blocking mRNA synthesis. 
Similarly, researchers have used alkylating agents , e.g. 
cyclophosphamide, or intercalating agents, e.g. 
doxorubicin, to non-specifically inhibit transcription. 

15 Moreover, chemical inhibitors of hydxroxymethyl^glutaryl 
CoA reductase, e.g. lovastatin, are known to indirectly 
modulate transcription by increasing expression of 
hepatic low density lipoprotein receptors as a 
consequence of levered cholesterol levels. 

20 

Signal effector type molecules such as cyclic AMP, 
diacylglycerol, and their analogs are known to 
non-specifically regulate transcription by acting as part 
of a multistep protein kinase cascade reaction. These 
25 signal effector type molecules bind to domains on 
proteins which are thus subject to normal physiological 
regulation by low molecular weight ligands (51,52). 

The specific use of sterol regulatory elements from the 
30 ldl receptor gene to control expression of a reporter 
gene has recently been documented in PCT/US88/10095. One 
aspect of PCT/US88/10095 deals with the use of specific 
sterol regulatory elements coupled to a reporter as a 
means to screen for drugs capable of stimulating cells to 
35 synthesize the LDL receptor. PCT/US88/10095 describes 
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neither the concept of simultaneously screening large 
numbers f chemicals against multiple target genes nor 
th existence of transcriptional modulators which (a) do 
not naturally occur in the cell, (b) specifically 
5 transcriptionally modulate expression of the growth 
factor or growth factor receptor genes, and (c) bind to 
DNA or RNA or bind to a protein through a domain of such 
protein which is not a defined ligand-binding domain of 
a receptor which naturally occurs in the cell, the, 

10 binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. The main focus of PCT/US88/10095 
is the use of the sterol regulatory elements from the 
LDL receptor as a means to inhibit expression of toxic 

15 recombinant biologicals. 

The * v use of molecules to specifically modulate 
transcription of a growth factor or growth factor 
receptor gene as described herein has not previously been 

20 reported and its use will bring surprise since available 
literature does not propose the use of a molecule, as 
described, in a method to specifically modulate 
transcription. Instead, the available literature has 
reported methods which define domains of transcriptional 

25 regulating elements of a growth factor and growth factor 
receptor genes. 

Further, the practice of using a reporter gene to analyze 
nucleotide sequences which regulate transcription of a 

30 gene-of-interest is well documented. The demonstrated 
utility of a reporter gene is in its ability to define 
domains of transcriptional regulatory elements of a gene- 
of -interest. Reporter genes which express proteins, e.g. 
lucif erase, are widely utilized in such studies. 

35 Lucif erases expressed by the North American firefly, 
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tort^prn m and the bact rium, vibrio fi^„, were 
first described as transcriptional reporters in 1985 
(53,54) . R porter genes have not been previously used to 
identify compounds which (a) do not naturally occur in 
5 the cell, (b) specifically transcriptionally modulate 
expression of the gene encoding growth factors or growth 
factor receptors, and (c) binds to DMA or SNA, or bind 
to a protein at a site on such protein which is not a 
ligand-binding domain of a receptor which naturally 
10 occurs in the cell, the binding of a ligand to which 
ligand-binding domain is normally associated with a 
defined physiological or pathological effect. 

A method to define domains of transcriptional regulating 
15 elements of a gene-of-interest typically has also 
involved use of phorbol esters, cyclic nucleotide 
analogs, concanavalin A, or steroids, molecules which are 
commonly known as transcriptional modulators. However 
available literature shows that researchers have not 
20 considered using a transcription screen to identify 
specific transcriptional modulators. Apparently, success 
would be unlikely i„ doing so, however, we have 
demonstrated herein that this is not the case. 

25 There is utility in developing the method of 
transcriptional modulation of growth factor and grow* 
factor receptor genes by using such molecules as 
described herein. This method will allow the development 
of novel pharmaceuticals and circumvent many of the 

30 problems associated with the therapeutic use of 
recombinant biological factors. 

; Problems associated with the therapeutic use of 
recombinant biological factors include the technical 
35 difficulties of large scale protein purification, the * 
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high costs of protein production, the limited shelf -life 
of most proteins and in som cas s a short biological 
half-life of the administered prot in in the organism. 
Additionally, therapeutic delivery of proteins normally 
5 requires injection. The method described herein provides 
a means of up-regulating the expression of proteins which 
are not readily amenable to administration as injectable 
biologicals. 

10 Furthermore, molecules specifically regulating the 
activity of one member of a group of closely related 
proteins are difficult to identify. Molecules, 
structurally related at the protein level, may possess 
distinct regulatory elements at the DNA level which 

15 control their expression. Thus, molecules such as the 
chemical transcriptional modulators defined herein can 
provide a greater opportunity for specifically modulating 
the activity of structurally related proteins. 

■ v . •• • . . ■ . 

20 Finally, the molecules described herein may also serve to 
mimic normal physiological response mechanisms, typically 
involving the coordinated expression of one or more 
groups of functionally related genes. Therefore, 
determining whether a molecule can specifically 

25 transcriptionally modulate the expression of a growth 
factor or growth factor receptor gene and the ultimate 
clinical use of the molecule provides a therapeutic 
advantage over the use of single recombinant biologicals, 
or drugs which bind directly to the final target protein 

30 encoded by the gene-of -interest. 
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The invention provides a m thod f r dlr rtl 
transcriptionally modulating the expr ssion of a gene 
5 encoding a growth factor, the expression of which is 
associated with a defined physiological or pathological 
effect within a multicellular organic. This method 
comprises contacting a cell, which is capable of 
expressing the gene, with a molecule at a concentration 
effective to transcriptionally modulate expression of the 
gene and thereby affect the level of the growth factor 
encoded by the gene which is expressed by the cell, in 
thxs method the molecule (a) does not naturally occur in 
the cell, (b) specifically transcriptionally modulates 
expression of the gene encoding the growth factor, and 
(c) binds to DNA or UNA, or binds to a protein at a site 
on such protein which is not a ligand-binding domain of 
a receptor which naturally occurs in the cell the 
binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 

The invention also provides a method for directly 
transcriptionally modulating the expression of a gene 
encoding a growth factor receptor, the expression of 
which is associated with a defined physiological or 
pathological effect within a multicellular organism. 
This method comprises contacting a cell, which is capable 
of expressing the gene, with a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thereby affect the level of 
the growth factor receptor encoded by the gene which is 
expressed by the cell, m this method the molecule (a, 
does not naturally occur in the cell, (b) specifically 
transcriptionally modulates expression of the gene 
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encoding the growth factor receptor, and (c) binds to DNA 
or RNA, r binds t a protein at a site on such protein 
which is not a ligand-binding domain of a receptor which 
naturally occurs in the cell, the binding of a ligand to 
5 which ligand-binding domain is normally associated with 
. a defined physiological or pathological effect. 

This invention further provides for a method of 
determining whether a molecule not previously known to be 
10 a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of a gene 
encoding a growth factor, This method comprises 
contacting a sample which contains a predefined number of 
cells with a predetermined amount of a molecule to be 
15 tested* Bach such cell comprises DNA which consists 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the gene encoding the growth 
factor, (ii) a promoter of the growth factor, and (iii) 
a DNA sequence encoding a polypeptide other them the 
20 growth factor, which polypeptide is capable of producing 
a detectable signal. The DNA sequence is coupled to, and 
under the control of, the promoter, and the contacting is 
effected under conditions such that the molecule, if 
capable of acting as a transcriptional modulator of the 
25 gene encoding the growth factor, causes a measurable 
detectable signal to be produced by the polypeptide so 
expressed. This allows for a quantitative determination 
of the amount of the signal produced. By comparing the 
amount of detectable signal produced with the amount of 
30 produced signal detected in the "absence of any molecule 
being tested or upon contacting the sample with any other 
molecule, this method allows one to identify the molecule 
as one which causes a change in the detectable signal 
produced by the polypeptide so expressed, and thus 
35 identifying the molecule as a molecule capable of 
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transcriptionally modulating the expr ssion of the gen 
encoding the growth factor. 

The invention still further provides a method of 
5 determining whether a molecule not previously known to be 
a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of a gene 
encoding a growth factor. This method comprises 
contacting a sample which contains a predefined number of 
10 cells with a predetermined amount of a molecule to be 
tested, each such cell comprising DNA consisting 
essentially of (i) a. modulatable transcriptional 
regulatory sequence of the gene encoding the growth- 
factor, (ii) a promoter of the gene encoding the growth 
15 factor, and (iii) a reporter gene, which expresses a 
polypeptide, coupled to, and under the control of, the 
promoter, under conditions such that the molecule, if 
capable of acting as a transcriptional modulator of the 
gene encoding the growth factor, causes a measurable 
20 change in the amount of the polypeptide produced, and 
quantitatively determining the amount of the polypeptide 
produced. By comparing the amount so determined with 
the amount of polypeptide produced in the absence of any 
molecule being tested or upon contacting the sample with 
25 any other molecule, the molecule is identified as one 
which causes a change in the amount of polypeptide 
expressed, and thus identified as a molecule capable of 
transcriptionally modulating the expression of the gene 
encoding the growth factor. 

30 

The invention further encompasses a method of determining 
whether a molecule not previously known to be a modulator 
of protein biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
35 factor. This method comprises contacting a sample which 
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c ntains a predefined number of cells with a 
predetermined amount of a mol cul to be tested. Each of 
the cells so contacted comprises DNA consisting 
essentially of (i) a modulatable transcriptional 
5 regulatory sequence of the gene encoding the growth 
factor, (ii) a promoter of gene encoding the growth 
factor, and (iii) a DNA sequence transcribable into mRNA 
coupled to and under the control of, the promoter. The 
contacting is effected under conditions such that the 
10 molecule, if capable of acting as a transcriptional 
modulator of the gene encoding the growth factor, causes 
a measurable difference in the amount of mRNA transcribed 
from the DNA sequence. The amount of the mRNA produced 
is quantitatively determined and the amount so determined 
15 compared with the amount of mRNA detected in the absence 
of any molecule being tested or upon contacting the 
sample with any other molecule so as to identify the 
molecule as one which causes a change in the detectable 
mRNA amount of, and thus identify the molecule as a 
20 molecule capable of transcriptionally modulating the 
expression of the gene encoding the growth factor. 

This invention further provides for a method of 
determining whether a molecule not previously known to be 

25 a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of a gene 
encoding a growth factor receptor. This method comprises 
contacting a sample which contains a predefined number of 
cells with a predetermined amount of a molecule to be 

30 tested. Each such cell comprises DNA which consists 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the gene encoding the growth 
factor receptor, (ii) a promoter of the growth factor 
receptor, and (iii) a DNA sequence encoding a polypeptide 

35 other than the growth factor receptor, which polypeptide 
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is capable of producing, a d tectable signal. The DNA 
sequence is coupled to, and under the control of, the 
promoter, and the c ntacting is eff cted under conditions 
such that the molecule, if capable of acting as a 
5 transcriptional modulator of the gene encoding the growth 
factor receptor, causes a measurable detectable signal to 
be produced by the polypeptide so expressed. This allows 
for a quantitative determination of the amount of the 
signal produced. By comparing the amount of detectable 
10 signal produced With the amount of produced signal 
detected in the absence of any molecule being tested or 
upon contacting the sample with any other molecule, this 
method allows one to identify the molecule as one which 
causes a change in the detectable signal produced by the 
15 polypeptide so expressed, and thus identifying the 
molecule as a molecule capable of transcriptionally 
modulating the expression of the gene encoding the growth 
factor receptor. 

20 The invention still further provides a method c:. 
determining whether a molecule not previously known to be 
a modulator of protein biosynthesis is capable of 
transcriptionally modulating the expression of a gene 
encoding a growth factor receptor. This method comprises 

25 contacting a sample which contains a predefined number of 
cells with a predetermined amount of a molecule to be 
tested, each such cell comprising DMA consisting 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the gene encoding the growth 
30 factor receptor, (ii) a promoter of the gene encoding the 
growth factor receptor, and (iii) a reporter gene, which 
expresses a polypeptide, coupled to, and under the 
control of, the promoter, under conditions such that the 
molecule, if capable of acting as a transcriptional 
35 modulator of the gene encoding the growth factor 
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receptor, causes a measurable change in the amount of the 
polypeptid produced, and quantitatively determining the 
am unt f the polypeptide produced. By comparing the 
amount so determined with the amount of polypeptide 
5 produced in the absence of any molecule being tested or 
upon contacting the sample with any other molecule, the 
molecule is identified as one which causes a change in 
the amount of polypeptide expressed, and thus identified 
as a molecule capable of transcriptionally modulating the 
10 expression of the gene encoding the growth factor 
receptor. 

The invention further encompasses a method of determining 
whether a molecule not previously known to be a modulator 
15 of protein biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
factor receptor. This method comprises contacting a 
sample which contains a predefined number of cells with 
a predetermined amount of a molecule to be tested. Each 
20 of the cells so contacted comprises DMA consisting 
essentially of (i) a modulatable transcriptional 
regulatory sequence of the gene encoding the growth 
factor receptor, .(it) a promoter of gene encoding the 
growth factor receptor, and (iii) a DNA sequence 
25 transcribable into mRNA coupled to and under the control 
of, the promoter. The contacting is effected under 
conditions such that the molecule, if capable of acting 
as a transcriptional modulator of the gene encoding the 
growth factor receptor, causes a measurable difference in 
30 the amount of mRNA transcribed from the DNA sequence. 
The amount of the mRNA produced is quantitatively 
. determined and the amount so determined compared with the 
amount of mRNA detected in the absence of any molecule 
being tested or upon contacting the sample with any other 
35 molecule so as to identify the molecule as one which 
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- . change ■„ th 6 d tectahle «,* mmt of , M 
thus identify the sol cul, „ a bo1 ^ ^ 
transcriptionally MMttirq ^ of the ,e„ e 

e " codin 9 the growth factor raptor. 

5 

* *Uo provided. rala _ 
nethod c«prieee separately contacting each of a 
£urality ot sutot^ialiy identical sasples, each sanple 
conta^ln, , predettn* mmber of cells 
« such that contacting is affect* ylth „ prode 
»»ount ot each different nolecule to he t£T 

«so diecloeea in a eethod of eesentially sinultaneously 
ecreenxn, nolecules to detemin. whether the eolecules 

Z^^T -^.ting one 2^ 

^e. encoding growth footers or receptors which 
.W- essentially ltallmrolJ . sor £ 

nolecules against the growth faitors or receptor 
according to the nethods ^ *™ 

20* 

A nethod for directly transcrlptionaUy nodul.ting in a 

an growo, factor, the expression of which i. essccietec 
25 2 Til ^^"Wl -r pathological effect i„ 

2", rr^"' ^ conpri.ee 

administering to the orgenie. . nolecul. at a 
-^ntretion effective to transcriptionally .adulate 
^f" f °» *~ « thue affect the defied 
physiologic* or pathological effect, which noleoU. „, 
30 does not naturally occur in the organise. h 
specifically tr^lptionaliy mMa ^ (b J 

oT^or^r ^ ^ " d » «~ '° ™ 
or M« or hinds to , protein at a sit. on such protein 

which ls not a ligand-hindin, donain „, a raptor which 

35 naturally occurs in the cell, the hiedin, of a l JenTtt 
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which ligand-binding domain is normally associated with 
a defined physiological or pathological effect. 

A method for directly transcriptionally modulating in a 
5 multicellular organism the expression of a gene encoding 
an growth factor receptor, the expression of which is 
associated with a defined physiological or pathological 
effect in the organism, is also included. This method 
comprises administering to the organism a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thus affect the defined 
physiological or pathological effect, which molecule (a) 
does not naturally occur in the organism, (b) 
specifically transcriptionally modulates expression of 
the gene encoding the growth factor receptor, and 
(c) binds to DNA or RNA, or binds to a protein at a site 
oh such protein which is not a ligand-binding domain of 
a receptor which naturally occurs in the cell, the 
binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 
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Brief Descrip tion of the Flour s 
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Figure 1 is a view f the mammalian expression shuttle 
vector pUV102 with its features. The mammalian 
5 expression shuttle vector was designed to allow the 
construction of the promoter-reporter gene fusions and 
the insertion of a neomycin resistance gene coupled to 
the herpes simplex virus thymidine kinase promoter 
(TK-NEO). 

10 

Figure 2 is a partial restriction enzyme cleavage map of 
the plasmid pD0432 which contains the lucif erase gene 
from the firefly , Photinus pyralis . 

15 Figure 3 is a partial restriction enzyme cleavage map of 
the plasmid pSVLuci which contains the lucif erase gene 
from the firefly, PhPtlffiK* PVTaUs. 

Figure 4 is a partial restriction enzyme cleavage map of 
20 the plasmid pMLuci which contains the luciferase gene of 
the firefly, Photinus pyralis and the mouse mammary tumor 
virus long terminal repeat. 

Figure 5 provides the nucleotide sequences of six 
25 oligonucletides, pUV-1 through pUV-6, which were 
annealed, ligated, and inserted into the Sall/BcoRl sites 
of the plasmid pTZ18R. 

Figure 6 is a diagrammatic representation of the 
30 construction of the plasmid pUVOOl from the plasmids 
pTZ18R and pBluescript KS(+) • 

Figure 7 is a diagrammatic representation of- the 
construction of the plasmid pUVlOO from the plasmid 
35 pUVOOl and two DHK fragments^ the Xbal/Xmal fragment from 
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pMXuci and the Xmal/BamHI fragment from pMSG. 

Figur 8 is a diagrammatic representation of the 
construction of the plasmid pUV100-3 from the plasmid 
5 pOVlOO and a 476 b fragment containing a dimeric SV40 
polyadenylation site. 

Figure 9 is a diagrammatic representation of the 
construction of the plasmids pDV102 and pUVl03 from the 
10 plasmid pUVlOO-3 and D-link oligonucleotides and the 
plasmid pUVlOO-3 and R-link oligonucleotides, 
respectively. 

Figure 10 provides the nucleotide sequences of oligos 1-4 
15 used for the construction of a synthetic HSV-Thymidine 
Kinase promoter and provides a diagrammatic 
representation of the HSV-TK promoter. 

Figure 11 is a diagrammatic representation of the 
20 construction of the plasmid pTKLlOO which contains the 
lucif erase gene from the firefly, Photinna P Y reH a and 
the HSV-TK promoter sequence. 

Figure 12 is a diagrammatic representation of the 
25 construction of the plasmid pTKNEO which contains the neo 
gene, from about 3*5 kb Nhel/Xmal fragment from pTKLlOO, 
and the about 0.9 kb BstBI/Bglll fragment containing the 
heo coding region from pRSVNEO. 

i0 Figure 13 is a diagrammatic representation of the 
construction of the plasmid pTKNB02 from the plasmid 
pTKNEO and the oligonucleotides Neo 1 and 2. 

Figure 14 is a diagrammatic representation of the 
5 construction of the plasmid pTKNE03 from the plasmid 
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PTKNE02 and about 0.9 Kb EcoRl/Sall fragm nt from 
pMClNEO. 

Figure 15 is a partial restriction map of plasmid 
5 pUXLuci, a vector used in the construction of the human 
growth hormone reporter vector. 

Figure 16 is a partial restriction enzyme cleavage map of 
the plasmid phGH:CAT which contains the CAT gene and 
10 human growth hormone promoter sequences. 

Figure 17 is a partial restriction enzyme cleavage" map of 
the plasmid phGH-Luci which contains the lucif erase gene 
from the firefly, Photinus pvralis and human growth 
15 hormone promoter sequences* 

Figure 18 is a partial restriction enzyme cleavage map 
of the plasmid pNEU106 which contains neu upstream 
sequences fused to the lucif erase coding region. 
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Figure 19 is a partial restriction enzyme cleavage map of 
the plasmid pKRAS106 which contains K-ras upstream 
sequences fused to the lucif erase gene from the firefly, 
photjnus pvralis. 

Figure 20 is a graphical representation of the decay of 
reporter gene signal after treatment of cells with 
Actinomycin D. Plotted is relative intensity of the 
signal versus time after ActD addition. 

Figure 21 is a quality assurance analysis of a high 
throughput screen measuring the ratios of negative values 
at various positions within a plate. The expected value 
is 1.0* ; 
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Figure 22 is a quality assurance analysis of a high 
throughput sere n measuring a robustif ied coefficient of 
variance for the negative controls on a number of plates. 
Values less than 10 are acceptable. 

5 

Figure 23 is a quality assurance analysis of a high 
throughput screen measuring a robustif ied coefficient of 
variance for the positive controls on a number of plates. 
Values less than 10 are acceptable. 

10 

Figure 24 is a quality assurance analysis of a high 
throughput screen measuring a response of a reporter cell 
line to three different concentrations of a compound 
known to induce transcription. 

15 . 
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Detailed Description of i-h- 

As used in this application, the following words or 
phrases have the meanings specified. 

•5 

Antigens* nnnlelr q rj d m eans an RNA or DNA molecule or a 
chemically modified RNA or DNA molecule which is 
complementary to a sequence present within an rna 
transcript of a gene. 

Pirectiy ir*P«TipHimiinir ^Bl^s a s sffiraasiaa of ■ 

asn§_means to transcriptionally modulate the expression 
of the gene through the binding of a molecule to (1) the 
gene (2, an RNA transcript of the gene, or (3) a protein 
which binds to (i) such gene or RNA transcripts, or (ii) 
a protein which binds to such gene or RNA transcript. 

A^ggng means a nucleic acid molecule, the sequence of 
which includes all the information required for the 
normal regulated production of a particular protein, 
including the structural coding sequence, promoters and 
enhancers* . ' » 

Growtt) * as * ac ■*■»»'■ Polypeptide factor, either soluble 
or displayed on the external surface of a plasma 
membrane, upon binding to a specific growth factor 
receptor on the surface of the appropriate ceil type, 
stimulates the growth/ division or differentiation of the 
cell. Growth factors may exhibit diverse effects (or no 
effects) on other cell types. 

growth fqcror receptor means a membrane spanning 
polypeptide which, when present on the surface of the 
appropriate cell type, and upon the binding of a specific 
growth factor, initiates a physiological response, such 
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as growth, division or differentiation. 

Indirectly transcriptionally m odulate the expression of 
a_gene means to transcriptionally modulate the expression 
5 of such gene through the action of a molecule which cause 
enzymatic modification of a protein which binds to (1) 
the gene or (2) an RNA transcript of the gene, or (3) 
protein which binds to-.-(i) the gene or (ii) an RNA 
transcript of the gene. For example, altering the 
10 activity of a kinase which subsequently phosphorylates 
and alters the activity of a transcription factor 
constitutes indirect transcript modulation, 

Ligapd .means a molecule with a molecular weight of less 
than 5,000, which binds to a transcription factor for a 
gene. The binding of the ligand to the transcription 
factor transcriptionally modulates the expression of the 
gene. 

Ljqand binding domain of a transcription factor means tho 
site on the transcription factor at which the ligand 
binds. 

Modulatable transcriptional regulatory sequence of a gene 
means a nucleic acid sequence within the gene to which a 
transcription factor binds so as to transcriptionally 
modulate the expression of the gene capable of regulating 
the transcription of a hematopoietic gene including, but 
not limited to, promoters, enhancers, attenuators, and 
silencers. 

Hepeptor means a transcription factor containing a ligand 
binding domain. 

3 * Specif ically transcriptionally m odulate the expression of 
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3 gailfi » ans to transcriptionally modulat the expression 
of such gen alone , or together with a limited number of 
other g nes. 

5 TrfflgcriptlPn means a cellular process involving the 
interaction of an RNA polymerase with a gene which 
directs the expression as RNA of the structural 
information present in the coding sequences of the gene. 
The process includes, but is not limited to the following 

10 steps: (1) the transcription initiation, (2) transcript 
elongation, (3) transcript splicing, (4) transcript 
capping, (5) transcript termination, (6) transcript 
polyadenylation, (7) nuclear export of the transcript, 
(8) transcript editing, and (9) stabilizing the 

15 transcript. 

Transcription factor for a gene means a cytoplasmic or 
nuclear protein which binds to (1) such gene, (2) an RNA 
transcript of sue* gene, or (3) a protein which binds to 
20 (i) such gene or such RNA transcript or (ii) a protein 
which binds to such gene or such RNA transcript, so as to 
thereby transcriptionally modulate expression of the 
gene. 

25 Transcriptionally modulate th e expression of a oene means 
to change the rate of transcription of such gene. 

Triple felta means a helical structure resulting from the 
binding of one or more oligonucleotide to double stranded 
30 DNA. 

The invention also provides a method for directly 
transcriptionally modulating the expression of a gene 
encoding a growth factor, the expression of which is 
35 associated with a defined physiological or pathological 
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effect within a multicellular organism. This method 
comprises contacting a cell, which is capable of 
expressing the gene, with a mol cule at a cone ntration 
effective to transcriptionally modulate expression of the 
5 gene and thereby affect the level of the growth factor 
encoded by the gene which is expressed by the cell. In 
this method the molecule (a) does not naturally occur in 
the cell, (b) specifically transcriptionally modulates 
expression of the gene encoding the growth factor, and 
10 (c) binds to DNA or RNA, or binds to a protein at a site 
on such protein which is not a ligand-binding domain of 
a receptor which naturally occurs in the cell, the 
binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
15 pathological effect. 

The invention also provides a method for directly 
transcriptionally modulating the expression of a gene 
encoding a growth factor receptor, the expression of 
20 which is associated with a defined physiological or 
pathological effect within a multicellular organism. 
This method comprises contacting a cell, which is capable 
of expressing the gene, with a molecule at a 
concentration effective to transcriptionally modulate 

25 expression of the gene and thereby affect the level of 
the growth factor receptor encoded by the gene which is 
expressed by the cell. In this method the molecule (a) 
does not naturally occur in the cell, (by specifically 
transcriptionally modulates expression of the gene 

30 encoding the growth factor receptor, and (c) binds to DNA 
or RNA, or binds to a protein at a site on such protein 
which is not a ligand-binding domain of a receptor which 
naturally occurs in the cell, the binding of a ligand to 
which ligand-binding domain is normally associated with 

35 a defined physiological or pathological effect. 
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In a preferred embodiment, the molecule does not 
naturally occur in any cell, whether of a multicellular 
or a unic llular organism. Alternatively, the molecule 
is naturally occurring, but not normally found in the 
5 cell. In a presently more preferred embodiment, the 
molecule is not a naturally occurring molecule, e.g. is 
a chemically synthesized entity. The cell may be a cell 
of the multicellular organism, which could included, a 
fish cell, a avian cell, an animal cell, human cell, 
10 bovine cell, or a porcine cell. 

The transcriptional modulation in the method mentioned , 
above may comprises upregulation or downregulation of 
expression of the gene encoding the growth factor or 
15 receptor. Additionally it may bind to a modulatable 
transcriptional sequence of the gene. 

Additionally the molecule may an antisense nucleic acid, 
double-stranded nucleic acid, a nucleic acid capable of 
20 forming a triple helix with double-stranded DMA, 

The growth factor in the above methods may be human 
growth factor, bovine growth factor, the porcine growth 
factor, a fish growth factor, an avian growth factor. 

25 \ 

The growth factor may be a transforming growth factor 
beta, an epidermal growth factor, a transforming growth 
factor alpha, platelet derived growth factor, vascular 
endothelial cell growth factor, fibroblast growth factor, 

30 nerve growth factor, a bone morphogenic protein, an 
insulin, an insulin-like growth factor, an interleukin 
such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7 or a 
hematopoietic growth factor such as G-CSF, GM-CSF, EPO, 
11^3, M-CSF, c-Eit ligand. 

35 
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The growth fact r receptor Bay be a human growth factor 
rceptor, a bovine growth factor receptor, a porcine 
growth factor receptor, a fish growth factor receptor, or 
an avian growth factor receptor. 

5. <t 

The growth factor receptor may -be the receptor for a 
transforming growth factor B, an epidermal growth factor, 
a transforming growth factor a. m addition the growth 
factor receptor may be srbB2 (figa), platelet derived 
10 growth factor receptor, VEGF receptor, FGF receptor, NGF 
receptor, an interleukin receptor such as IL-I receptor, 
IIc2 receptor, IL-2a receptor, IL-3 receptor, a 
hematopoietic growth factor such as G-CSF receptor; 6M- 
CSF receptor, EPO receptor, C-fms (M-CSF receptor) , or c- 
Kit (Kit ligand receptor) or an insulin receptor. 

The invention further includes a method of determining 
whether a molecule not previously known to be a modulator 
of protein biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
factor. This method comprises contacting a sample which 
contains a predefined number of cells with a 
predetermined amount of a molecule to be tested. The 
cell used contains Wa consisting essentially of (i) a 
25 modulatable transcriptional regulatory sequence of the 
gene encoding the growth factor, (ii) a promoter of the 
gene encoding the growth factor, and (iii) a DNA sequence 
encoding a polypeptide other than the growth factor, 
which polypeptide is capable of producing a detectable 
signal, which DNA sequence is coupled to, and under the 
control of, the promoter. The method is carried out 
under conditions such that the molecule, if capable of 
acting as a transcriptional modulator of the gene 
encoding the growth factor, causes a measurable 
detectable signal to be produced by the polypeptide so 
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express d. This aloes on to quantitatively determining 
the amount of the signal produced by comparing the amount 
so determined with th amount of produced signal detected 
in the absence of any molecule being tested or upon 
5 contacting the sample with any other molecule. Thus one 
may identifying the molecule as one which causes a change 
in the detectable signal produced by the polypeptide so 
expressed, and thus identify the molecule as a molecule 
capable of transcriptionally modulating the expression of 
10 , the gene encoding the growth factor. 

Further disclosed is a method of determining whether a 
molecule not previously known to" be a modulator of 
protein biosynthesis is capable of transcriptionally 
15 modulating the expression of a gene encoding a growth 
factor which comprises contacting a sample which contains 
a predefined number of cells with a predetermined amount 
of a molecule to be tested. The cell used contain DNA 
consisting essentially of (i) a modulatable 
20 transcriptional regulatory sequence of the gene encoding 
the growth factor, (ii) a promoter of the gene encoding 
the growth factor, and (ill) a reporter gene, which 
expresses a polypeptide, coupled to, and under the 
control of, the promoter This is carried out under such 
25 conditions that the molecule, if capable of acting as a 
transcriptional modulator of the gene encoding the growth 
factor, causes a measurable change in the amount of the 
polypeptide produced. This aloes one to quantitatively 
determine the amount of the polypeptide so produced, 
30 comparing the amount so determined with the amount of 
polypeptide produced in the absence of any molecule being 
tested or upon contacting the sample with any other 
molecule. Thus one is able to identify the molecule as 
one which causes a change in the amount of the 
35 polypeptide expressed, and thus identifying the molecule 
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as a m lecule capable f transcriptionally modulating the 
expression of the gene encoding the growth factor. 

The invention also provides for a method of determining 
5 whether a molecule not previously known to be a modulator 
of protein biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
factor. This method which comprises contacting a sample 
which contains a predefined number of cells with a 
10; predetermined amount of a molecule to be tested, each 
such cell comprising DNA consisting essentially of (i) a 
modulatable transcriptional regulatory sequence of the 
gene encoding the growth factor, (ii) a promoter of the 
gene encoding the growth factor, and (iii) a DNA sequence 
15 transcribable into mRNA coupled to and under the control 
of the promoter. This is carried out under such 
conditions that the molecule, if capable of acting as a 
transcriptional modulator of the gene encoding the growth 
factor, causes a measurable difference in the amount of 
20 mRNA transcribed from the DNA sequence. This aloes one 
to quantitatively determine the amount of the mRNA 
produced. Thus by comparing the amount so determined 
with the amount of mRNA detected in the absence of any 
molecule being tested or upon contacting the sample with 
25 any other molecule, one may identify the molecule as one 
which causes a change in the detectable mRNA amount of. 
One may thus identify the molecule as a molecule capable 
of transcriptionally modulating the expression of the 
gene encoding the growth factor. 
30 ' 

A method of determining whether a molecule not previously 
known to be a modulator of protein biosynthesis is 
capable of transcriptionally modulating the expression of 
a gene encoding a growth factor receptor, is also 
35 disclosed in the invention. This method comprises 
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c ntacting a sanple which contains a predefined number of 
cells with a predetermined amount of a molecule to be 
tested. The cells contain DNA consisting essentially of 
(i) a modulatable transcriptional regulatory sequence of 
5 the gene encoding the growth factor receptor, (ii) a 
promoter of the gene encoding the growth factor receptor, 
. and (iii) a DNA sequence encoding a polypeptide other 
than the growth factor receptor, which polypeptide is 
capable of producing a detectable signal, which DNA 

10 sequence is coupled to, and under the control of, the 
promoter. This method is carried out under such 
conditions that the molecule, if capable of acting as a 
transcriptional modulator of the gene encoding the growth 
factor receptor, causes a measurable detectable signal to 

15 be produced by the polypeptide so expressed. This aloes 
one to quantitatively determine the amount of the signal 
produced, comparing the amount so determined with the 
amount of produced signal detected in the absence of any 
molecule being tested or upon contacting the sample with 

20 any other molecule. Thus one is able to identify the 
molecule as one which causes a change in the detectable 
signal produced by the polypeptide so expressed, and thus 
identify the molecule as a molecule capable of , 
transcriptionally modulating the expression of the gene 

25 encoding the growth factor receptor. 

The invention includes a method of determining whether a 
molecule not previously known to be a modulator of 
protein biosynthesis is capable of transcriptionally 

30 modulating the expression of a gene encoding a growth 
factor receptor. This method comprises contacting a 
sample which contains a predefined number of cells with 
a predetermined amount of a molecule to be tested. The 
cell used contains DNA consisting essentially of (i) a 

35 modulatable transcriptional regulatory sequence of the 
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gene encoding the growth factor receptor, (ii) a promoter 
of the gen encoding the growth factor receptor, and 
(iii) a reporter gen , which expresses a polypeptide, 
coupled to, and under the control of, the promoter. This 
5 method is carried out under such conditions that the 
molecule, if capable of acting as a transcriptional 
modulator of the gene encoding the growth factor 
receptor, causes a measurable change in the amount of the 
polypeptide produced. This allows one to quantitatively 
10 determine the amount of the polypeptide so produced, by 
comparing the amount so determined with the amount of 
polypeptide produced in the absence of any molecule being 
tested or upon contacting the sample with any other 
molecule, and thereby identify the molecule as one which 
'15 causes a change in the amount of the polypeptide 
expressed. This allows one to identifying the molecule 
as a molecule capable of transcriptionally modulating the 
expression of the gene encoding the growth factor 
receptor. 

20 

Further provided is a method of determining whether a 
molecule not previously known to be a modulator of 
protein biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 

25 factor receptor. This method comprises contacting a 
sample which contains a predefined number of cells with 
a predetermined amount of a molecule to be tested. The 
cell used contain DNA consisting essentially of (i) a 
modulatable transcriptional regulatory sequence of the 

30 gene encoding the growth factor receptor, (ii) a promoter 
of the gene encoding the growth factor receptor, and 
(iii) a DNA sequence transcribable into mRNA coupled to 
and under the control of, the promoter. This is carried 
out under conditions such that the molecule, if capable 

35 of acting as a transcriptional modulator of the gene 
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encoding the growth factor receptor, causes a measurable 
difference in the amount of mRNA transcribed from the DNA 
sequence. From this one may quantitatively determine th 
amount of the mRNA produced, by comparing the amount so 
5 determined with the amount of mRNA detected in the 
absence of any molecule being tested or upon contacting 
the sample with any other molecule. Thus one may 
identify the molecule as one. which causes a change in the 
detectable mRNA amount of, and thus identifying the 
10 molecule as a molecule capable of transcriptionally 
modulating the expression of the gene encoding the growth 
factor receptor. 

The sample may comprises cells in monolayers, or in 
15 suspension. The cells may comprise animal cells, which 
may include human cells, bovine cells, murine cells, 
porcine cells, fish cells, or avian cells. 

The predefined number of cells may be from about 1 to 
20 about 5 X 10 5 cells, or from about 2 X 10 2 to about 5 X 
10 4 cells. The predetermined amount of the molecule to 
be tested may be based upon the volume of the sample, or 
from about 1.0 pM to about 20 pM, or from about 10 nM to 
about 500 jiM. The contacting may be effected from about 
25 l to about 24 hours, or about 2 to about 12 hours. 

The contacting may be effected with more than one 
predetermined amount of the molecule to be tested. The 
molecule to be tested may be a purified molecule. 

30 

The modulatable transcriptional regulatory sequence may 
comprises a cloned genomic regulatory sequence. The DNA 
may consists essentially of more than one modulatable 
transcriptional regulatory sequence. The DNA sequence 
35 encoding the polypeptide may be inserted downstream of 
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the promoter of th gene encoding a growth factor or 
receptor by homologous recombination. 

The invention includes the case where the polypeptide is 
5 a lucif erase, chloramphenicol acetyl transferase, p 
glucuronidase, fi galactosidase, neomycin 
phosphotransferase, alkaline phosphatase or guanine 
xanthine phosphoribosyl transferase. Additionally the 
polypeptide may be capable of complexing with an antibody 
10 or biotin. Further, the mRNA may be detected by 
quantitative polymerase chain reaction. 

Further provided for in the invention is a screening 
method according to the methods above which comprises 

15 separately contacting each of a plurality of 
substantially identical samples, each sample containing 
a predefined number of cells under conditions such that 
contacting is affected with a predetermined amount of 
each different molecule to be tested. The plurality of 

20 samples may comprise more that about 10* samples, or more 
than about 5 X 10* samples. 

Also included in the disclosure is a method of 
essentially simultaneously screening molecules to 
25 determine whether the molecules are capable of 
transcriptionally modulating one or more genes encoding 
growth factors or receptors according to the methods of 
above. 

.30 Further provided for is a method of essentially 
simultaneously screening molecules to determine whether 
the molecules are capable of transcriptionally modulating 
one or more genes encoding growth factor receptor (s) . 
This method comprises essentially simultaneously 
35 screening the molecules against the, genes encoding the 
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growth factor rec ptor(s) according to th method of 
above. This method may have more than about 10 3 samples 
per v ek c ntacted with diff rent molecul s. 

5 Pursuant to the provisions of the Budapest Treaty on the 
International Recognition of Deposit of Microoganisms for 
Purpose of Patent Procedure, the plasmid and cell lines 
listed below have been deposited with the American Type 
Culture Collection ("ATCC"), 12301 Parklawn Drive, 
10 RocJcville, Maryland 20852, U.S.A.: 

1. a plasmid designated pUV106, deposited under 
ATCC Accession No. 40946; 

15 2. a human colon adenocarcinoma cell line, 

trans fected with pHRA521, designated H21, 
deposited under ATCC Accession No. CRL 10640; 

3. a HTB-30 human colon adenocarcinoma cell line, 
20 trans fected with pNEU106, designated N-2, 

deposited under ATCC Accession No. CRL 10658; 

4. a SW 480 human breast carcinoma cell line, 
transfected with pKRAS106, designated K-2, 

25 deposited under ATCC Accession No. CRL 10662 ; 

5. a NIH Swiss mouse embryo cell line, NXH 3T3, 
transfected with the MMTV reporter plasmid, 
designated Ml 0, deposited under ATCC Accession 

30 No. CRL 10659; and 

6. a GC rat pituitary cell line, transfected with 
the growth hormone reporter plasmid, designated 
532, deposited under ATCC Accession No. CRL 

35 10663. 
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A method for directly transcriptionally modulating in a 
multicellular organism the expression of a gene encoding 
an growth factor, th expression of which is associated 
with a defined physiological or pathological effect in 
5 the organism, is also included. This method comprises 
administering to the organism a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thus affect the defined 
physiological or pathological effect. In this the method 

10 the molecule (a) does not naturally occur in the 
organism, (b) specifically transcriptionally modulates 
expression of the gene encoding the growth factor, and 
(c) binds to DMA or RNA, or binds to a protein at a site 
on such protein which is not a ligand-binding domain of 

15 a receptor which naturally occurs in the cell, the 
binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 

20 A method for directly transcriptionally modulating in a 
multicellular organism the expression of a gene encoding 
an growth factor receptor, the expression of which is 
associated with a defined physiological or pathological 
effect in the organism, is also included. This method 

25 comprises administering to the organism a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thus affect the defined 
physiological or pathological effect. In this method the 
molecule (a) does not naturally occur in the organism, 

30 (b) specifically transcriptionally modulates expression 
of the gene encoding the growth factor receptor, and (c) 
binds to DMA or RNA, or binds to a protein at a site on 
such protein which is not a ligand-binding domain of a 
receptor which naturally occurs in the cell, the binding 

35 of a, ligand to which ligand-binding domain is normally 
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associated with a defined physiological or pathological 
ffect. 

The molecule in the above methods may be an antisense, 
5 nucleic acid, a double stranded nucleic acid molecule, or 
a nucleic acid capable of forming a triple helix with 
double stranded DNA. 

The above method additionally include the case where the 
10 multicellular organism is a human being, an animal, which 
may include a cow, a pig; a fish, a chicken, or a mouse. 

The defined pathological effect may be a disorder where 
modulated expression of the gene encoding a growth factor 

15 is associated with amelioration of the disorder. The 
defined pathological effect may be pituitary dwarfism, 
acute catabolic trauma, obesity, or the combined 
degenerative disorders of old age. In addition the 
defined pathological effect may be a disorder where 

20 modulated expression of the gene encoding a growth factor 
receptor is associated with amelioration of the disorder. 
The defined pathological effect may be bladder cancer, 
brain cancer, breast cancer, colon cancer, lung cancer or 
ovarian cancer. 

25 

The administering in the above methods may be by topical 
contact, or by oral, transdermal, intravenous, 
intramuscular or subcutaneous administration. 

30 This invention is illustrated in the Experimental Detail 
section which follow. These sections are set forth to 
aid in an understanding of the invention but are not 
intended to, and should not be construed to, limit in any 
way the invention as set forth in the claims which follow 

35 thereafter 
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EXPERIMENT AL DETAIL8 
MATERIALS AND METHODS 

5 At c$n odtmrg 

All media and reagents used for routine cell culture were 
purchased from Gibco (Grand Island, NY) , Hazel ton 
(Lenexa, KS), or Whittaker M.A. Biologicals 

10 (Walkersville, MD). Petal calf serum (PCS) was from 
Hyclone (Logan, UT), and nutrients used for serum-free 
defined media were purchased from Sigma (St. Louis, MO) , 
Boehringer Mannheim (Indianapolis, IN) , Bachem (Torrance, 
CA) and Collaborative Research (Bedford, MA). 

15 (55,56). 

A rat pituitary cell line, designated GC, used for 
transfection of plasmids containing the human growth 
hormone promoter, is maintained in DMEM and Ham's P12 

20 medium (1:1), supplemented with 12 .5% FCS. Por HTP 
screening, transfected GC clones will be transferred to 
serum free defined medium consisting of DMEM and Ham's 
F12 medium (1:1) supplemented with growth factors, 
hormones and nutrients as described previously . 

25 \ 

A human breast adenocarcinoma derived cell line, SK-BR-3 
(ATCC HTB 30) was used for the experiments concerning 
expression of the neu (ErbB2) proto-oncogene. This cell 
line was maintained on DMEM, 15% PCS and 1 ug/ml insulin. 

30 Stable transfectants of this cell line were selected in 
this same medium with the addition of G418 to a final 
concentration of 0 . 4 mg/ml .. 
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the K-ras proto-oncog n (as a control for specificity). 
This c 11 lin was maintained on DMEM, 15% fetal calf 
serum (FCS) , 1% Nonessential amino acids (neaa) . stable 
transfectants of this cell line were selected in the same 
5 medium with the addition of G418 (Geneticin, Gibco) to a 
final concentration of 0.6 mg/ml. 

A murine embryonic fibroblast cell line, NIH 3T3 (ATCC# 
CCL92), was used for the transfection of plasmids 
10 carrying the MMTV promoter. These cells were maintained 
on DMEM, supplemented with 10% FCS. 

B. Construction of the Laelferase-Fus t on Reporter vector 

15 ■ , ' 

Unless otherwise indicated , molecular cloning procedures 
were performed essentially according to Maniatis et al. 
(57). Oligonucleotides were synthesized by the 
beta-cyanoethyl phosphoramidite method according to 
20 protocols provided by the manufacturer of the 
DNA-synthesizer (Model 380A> Applied Biosystems (Foster 
City, CA). 

A mammalian expression shuttle vector was designed to 
25 allow the construction of the promoter-reporter gene 
fusions to be used in high-throughput screens to identify 
transcriptionally modulating chemicals. Features of the 
plasmid are shown in Figure 1. The shuttle vector was 
constructed in several steps. 

30 

The firefly lucif erase gene was removed from the plant 
expression plasmid pD04 32 (58) (Figure 2) as a 1.9 kb 
BamHI fragment and cloned into the BamHI site of psVL 
(Pharmacia, Pi sea ta way, NJ), a mammalian expression 
35 vector containing the SV40 promoter. The resulting 
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plasmid (pSVLuci; Figure 3) was digested with Xhol and 
Sail to produce a 2.4 kb fragment containing the 
lucif erase coding sequ nces and th SV40 late 
polyadenylation site. This fragment was inserted into 
5 the Xhol site of pMSG (Pharmacia, Piscataway, NJ), a 
eucaryotic expression vector containing the MMTV 
promoter. The resulting MMTV promoter-lucif erase fusion 
plasmid (pMLuci; Figure 4) was used to trans feet NIH/3T3 
cells as described below. Similar constructs can be made 
10 using lucif erase vectors from Clontech (Palo Alto, CA) . 

Six oligonucleotides (pUV-1 through pDV-6) (SEQ ID NO: 1- 
6) were synthesized (see Figure 5 for sequence) • The 
sequences of pUV-1, pUV-2 and pUV-3 correspond to a 
15 multicloning site, the beta-glob in leader sequence and 
the first 53 bases of the firefly lucif erase coding 
region. The sequences of pUV-4, pUV-5 and pOV-6 are 
complementary to the first three oligonucleotides. The 
pDV oligonucleotides were annealed, ligated and inserted 
20 into the Sall/EcoRI sites of pTZ18R (Pharmacia, 
Piscataway KJ) (Figure 6) . The resulting vector was then 
digested with Smal/PvuII and the oligonucleotide 
containing fragment was cloned into the pBluescriptKS (+) 
plasmid (Stratagene, La Jolla, CA) , previously digested 
25 with PvuII, to yield prtJVOOl (Figure 6). Several 
fragments were ligated into pUVOOl to create pUVlOO. The 
lucif erase coding sequences (except first 53 bases) and 
polyadenylation site were obtained as a 1.8 kilobase 
Xbal/Xteal fragment from pMLuci (section B-l, Figure 4) • 
30 The SV40 early splice site and the SV40 late 
polyadenylation site were obtained as an 871 bp 
Xmal/BaaiHI fragment from pMSG (Phanaacia, Piscataway NJ, 
Figure 7) . Both DMA fragments were cloned into pUVOOl, 
previously digested with Xbal/BamHI to yield pUVlOO 
35 (Figure 7). 
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A 476 b fragment containing a dim ric SV40 
polyadenylation site was then cloned into th Bell site 
of pOVlOO (Figure 8) . To do this, a 238 bp BclI/BamHI 
fragment was obtained from SV40 genomic DNA (B RL) 
ligated, digested with Bcll/BamBT, gel isolated, and 
inserted into pOVlOO, resulting in the vector pUvioo-3 
(Figure 8) . Linkers containing one Sf ii and one HotI 
restriction site were then cloned into the Pvuli/BamHT 
sites of pDVlOO-3. Two sets of linkers were synthesized 
containing the Sfii sit e in opposite orientations 
(oligonucleotides D-linkl and D -link2 and 
oligonucleotides R-linkl and R-link2) . The sequences of 
the oligonucleotides (SEQ ID NO: 7-10) were: 

5' GATC66CCCCTAGGGCC6CG6CC6CAT 3' (D-linkl) 
5» ATGCG6CC6CGGCCCTAGGGGCC 3» (D-linJc2) 
5 ' GAT066CCCTAG6GGC6GCC6CAT 3 • (R-linkl) 
5 * ATGC»GCCGCGGCCCCCTAGGGCC 3» (R-link2) 

The plasmid that contains O-link oligonucleotides was 
named puvi02 and the plasmid that contains R-link 
oligonucleotides was named puvi03 (Figure 9) . 

The neomycin resistance gene (neo) was then placed under 
control of the Herpes Simplex Virus thymidine kinase 
(HSV-TK) promoter to generate a resistance cassette which 
is free of known enhancer sequences. To do this the 
HSV-TK promoter was synthesized using four 
oligonucleotides (Figure 10) (SEQ id no: 11-14) designed 
according to published sequence information (59), and 
including an Sfii restriction site 5 » of the HSV-TK 
sequences. These oligonucleotides were phosphorylated, 
annealed^ ligated and inserted into pDVlOO digested 
previously with Hindlll/Nhel, generating the vector pTKL 
35 100 (Figure 11). After verifying the HSV-TK sequence, 
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coli DNA polymerase and .the four d oxyribonucleotides to 
fill in th single-strand d nds of th vector. This 
lin ar (5.1 KB) form of pUXLuci was then ligated to the 
filled-in 550bP Hindlll-Xbal fragment of the plasmid 
5 phGH:GAT (Figure 16) . Human growth hormone promoter 
sequences located on the Hindlll-Xbal fragment were thus 
fused to the lucif erase coding sequences located on 
pUXLuci generating the plasmid phGH-Luci (Figure 17) , 
which was used in transfections of GC cells as described 
10 below. The cell lines resulting from transfections using 
this vector were used for the high throughput screen as 
described below. 

2. hGH First Intron Construct 

15 

Two oligonucleotides, hGH-1 and hGH-4, were used to 
amplify the human growth hormone region by polymerase 
chain reaction from human placental genomic DNA. hGH-1 
corresponds to bp 4835-4866 (67) . hGH-4 corresponds to 
20 bp 5557-5586. The PCR reaction yielded a 751 bp DNA 
fragment comprising the required 5* regulatory elements; 
the 1st exon. The 1st intron and part of the 2nd exon. 

This fragment (called fragment A) was used as a template 
25 for a second PGR reaction using oligonucleotides hGH-1 
and hGH-3. hGH- 3 has the following sequence (SEQ ID NO: 
17) : 

5'-GCC AAA AGC CAT* GG*G CAG GGA CGT CCG GGA-3 9 

30 

The sequence corresponds to bp 5497-5526 except at the 
two bases indicated by the *. These two changes will 
create an in-frame Ncol site in the second exon. 

35 This PCR reaction generated a 691 bp Ncol fragment which 
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was gel purified and cloned into the Ncol site of puvloz. 
For both the first-intron and 500 bp constructs, the TK- 
NEO 3 cassette Was inserted into the Sf i I site. The 
vector linearized and transf ected into BAT GC cell to 
5 generate growth hormone reporter cell lines. 

The resulting plasmid comprises an hGH-lucif erase fusion 
wherein the hGH promoter, first exon, first intron and 
part of the second exon are fused, in frame. The 
10 resulting spliced SNA codes for a chimeric hGH-lucif erase 
fusion protein with lucif erase activity. 

3. "500 bp" construct: 

15 Fragment A was used as a template for a third PCR 
reaction using oligonucleotides hGH-1 and hGH-2. hGH-2 
has the following sequence (SEQ ID NO: 18): 

5 1 TTA CCT GTA GCC ATG* GCC GCT AGG TGA GCT 3 1 
20 ; • .. 

The sequence corresponds to bp 5208-5237 except ait the bp 
indicated by the *. This change generates and Ncol site 
at the hGH initiation codon. This 402 bp fragment was 
digested with Ncol and inserted into the Ncol site of 
25 puvloz. The resulting vector fused the hGH 5 9 regulatory 
sequences and 5' untranslated leader to the lucif erase 
open reading frame such that the hGH initiation codon 
becomes the first codon of lucif erase. 

30 4. Quality Control of HGH Reporter Plasmids 

The correctness of the above described constructions is 
confirmed by restriction analysis and DNA sequencing. In 
addition the plasmids are functionally tested in 
35 transient transf ectioiis into rat pituitary GC cells for 
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correct response to known modulators of hGH expression. 
Electroporations are carried out as describ d below. 24 
hour after transfection cells ar treated with 10 - 100 
nM rat growth hormone releasing factor or 10 jiM f orskolin 
5 or 1 pM dexamethasone. 4 - 12 hours after treatment cells 
are lysed by detergent and lucif erase activity determined 
in a scintillation counter as described below. 
Additional agents inducing hGH transcription, which could 
be used for plasmid quality control, include retinoic 
10 acid, 12-0-tetradecanoyl-phorbol-13-acetate, 8-bromo- 
cAMP, Somatostatin, Activin-A, thyroid hormone, and 
Insulin-like Growth factor I (IGF-I) . 

D, neu (c-ErbB2) reporter vector 

15 

Oligonucleotide probes based on the published sequence 
(61) of the 5 f region of the c-ErbB2 gene were 
synthesized and used to screen a human leukocyte genomic 
library (Clontecb Inc.). A 3.2 kb Bgll fragment from a 

20 positive plaque, containing the upstream regulatory 
elements, the 5' untranslated leader and exon 1 was then 
subcloned into pBluscriptXS (+) , generating pNEOOOl. A 
1.8 kb HincII-Ncol fragment from pNEUOOl^ containing the 
upstream regulatory elements and most of the 5' 

25 untranslated leader was purified by preparative gel 
electrophoresis and ligated into pUVl03 previously 
digested with SnaBI and Ncol, generating pNEU002. Two 
oligonucleotides (SEQ ID NO; 19-20) were synthesized: 

30 5 f -CATGGGGCCXK5AGrcGCAGT(^GCAC-3 1 and . 
5 1 -CATGGTGCTCACTGCGGCTCCGGCCC-3 » 

These oligonucleotides were annealed to one another, 
phosphorylated and ligated into Ncol digested pNEU002, 
35 generating pNED103. The synthetic linker fuses the DNA 
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A 3 Jcb HinDIII-Xhol fragment from pK54, comprising 2.2 Mb 
of, K-ras untranscribed upstream DNA and sequences coding 
for exon 0 and part of intron 1 was purified by 
preparative gel electrophoresis and ligated into pGEM715 
5 which ad been previously digested with HinDIIl and Xhol 
to generate pGEM7. 

A 7.7 Jcb HinDIII-Ncol fragment of pGEM7, comprising 2.2 
Jcb of K-ras upstream regulatory elements, exon 0, intron 
1, and part of exon 1 (to the ATG at the Ncol site), was 

10 purified by preparative gel electrophoresis and ligated 
int pOV102 which had previously been digested with 
HinDIIl and Ncol to generate pKRAS102. The TK-Neo 
fragment from pTKNeo3 was then ligated into the Sfil site 
of pKRAS102 to generate pKRAS106 (Pigure 19) , the vector 

15 used for transfections to generated the stable reporter 
cell lines. 

F. C«V reporter vector 

20 A 580 bp cytomegalovirus genomic fragment containing the 
immediate early promoters and enhancers (63) was ligated 
into pUVlOO previously digested with NotI and Nhel and 
rendered blunt ended by treatment with Klenow fragment, 
generating pOVCM. An 888 bp Nael-Xbal fragment from 

25 pUVCM, including the CMV promoter and enhancers plus a 
portion of the lucif erase coding region, was purified by 
preparative gel electrophoresis and ligated into puvi06 
which had previously been digested with SnaBI and Xbal, 
generating pCMV106, the vector used to transfect the CMV 

30 reporter cell lines. 

t '• '. • 

G. Transfect ion 

35 Cell were transfected by one of three methods, following 
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manufacturer's instructions; by calcium phosphate 
precipitation (Pharmacia) , Lipofection (Life Technologies 
Inc.) or electroporation (BioRad) . in most cases, 25-75 
W of plasmid DMA, linearized by a single restriction 
5 endonuclease cut within the vector sequences, was 
electroporated into approximately 5 million cells. When 
co-transfection of a separate neomycin resistant plasmid 
was employed the molar ratio of luciferase fusion plasmid 
to neomycin resistant plasmid was either 10:1 or 20:1. 
10 Neomycin resistant clones were selected by growth in 
media containing G418 (Geneticin, Gibco). 

B T Liquid Scintillation Counter Bi ol n u inescenre. Assay 

15 

To assay for luciferase expression in transient 
expression assays in the various transfected clones, 
cells were incubated with various transcriptional 
inducers in serum free defined media, washed 3 times with 
20 Dulbecco's phosphate-buffered saline (D-PBS, Gibco) and 
lysed in Lysis Buffer 1 (50 mM Tris acetate pH 7.9, 1 mM 
EDTA, 10 mM magnesium acetate, 1 mg/ml bovine serum 
albumin [BSAJ, 0.5% Brij 58, 2 mM ATP, 100 mM 
dithiothreitol [DTT] ) . All reagents were obtained from 
25 Sigma except for DTT which was from Boehringer Mannheim. 
After lysis, cell debris was sedimented by brief 
centrifugation, and 950 pi of supernatant extract were 
added to a glass scintillation vial. Samples were 
counted individually in an LKB (Gaithersburg, MD) 
30 scintillation counter on a setting which allows 
measurement of individual photons by switching off the 
coincidence circuit. The reaction was started by 
addition of 50 pi of 2mM luciferin (Sigma, St. Louis, MO 
or Boehringer Mannheim, Indianapolis IN) in Buffer B 
35 (Buffer B-Lysis Buffer l without Brij 58, ATP and DTT) to 
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the 950 |il of lysat . Measurement was started 20 seconds 
after luciferin addition and continued for 1 minute. 
Results were normalized to protein concentration using 
the Bradford protein assay (BioRad, Richmond CA) or to 
5 cell numbers using Trypan Blue (Sigma) exclusion counting 
in a hemocytometer . 

I. Construction of Si ngle Cell Clones Containing Various 
Promoter-Uiciferas e Fusion Constructs 

10 

1- HGH Cell lines 

phGH-LUCI and pRSVNeo, an antibiotic resistance plasmid, 
were co-transfected into GC rat pituitary cells as 

15 described above. Selection of G418-resistant cell clones 
was described above except for using a concentration of 
0,2 mg/ml G418. Analysis of the cell clones was 
performed as above, except that known inducers of hGH 
expression (10-100 riM rat growth hormone releasing factor 

20 (rGRF, Bachem, Torrance, CA) and lOjm forskolin (Sigma, 
St. Louis, NO) were used in place of dexamethasone. One 
clone, 532 (ATCC # 10663), was selected for further use 
in the high throughput screen. 

25 The other HGH reporter plasmids described above are 
transfected into the rat pituitary cell line GC by. 
electroporation using a BRL (Gaithersburg, Maryland) 
Cellporator electroporation device. Cells are 
trypsinized, treated with Soybean trypsin inhibitor (1 

30 mg/ml) , washed three times in Dulbecco's modified Eagle's 
medium (DMEM) without pH indicator, and 1 ml of cell . 
suspension in DMEM electroporated at room temperature and 
at a cell density of 5 million cells per ml at a voltage 
of 250 V and a capacitance of 1180 microFarad with the 

35 electroporation device set at low resistance ♦ About 15 



WO 92/13063 



54 



PCT/US92/00419 



min after electroporation cells are recovered from the 
disposable electroporation containers (BRL, Gaithersburg, 
Maryland) and plated in DMEM and Ham's F12 (1:1) 
containing 12.5 * fetal calf serum. 2 days after 
5 electroporation 0.4 mg/ml 6 418 is added and clonal cell 
colonies picked 14-20 days after trans feet ion. Clones 
are analyzed for correct integration of the promoter- 
reporter construct, and for correct response to known 
modulators of hGH expression. 

10 

2. c-erbB2 cell line 

75 micrograms of the pNEU106 plasmid was linearized by a 
single restriction endonuclease cleavage within the 

15 vector backbone and electroporated into HTB30 human 
breast carcinoma cells. Neomycin resistant clones were 
isolated and tested for lucif erase activity. Clones 
testing positive for lucif erase production were subjected 
to Southern blot analysis (see below). The best clone 

20 (producing the highest signal and carrying a single 
intact copy of the transf ected DNA) was utilized for high 
throughput screening (designated clone N-2) • 

3. MMTV control cell line 

25 

pHluci and pSV2Neo, an antibiotic resistance plasmid 

(64) , were co- transf ected into NIH/3T3 mouse , fibroblast 
cells using the calcium phosphate precipitation method 

(65) with a commercially available kit (Pharmacia, 
30 Piscataway KJ) . Two days later, cells were transferred 

to media containing 0.4 mg/ml 6418 and were grown for an 
additional 10-14 days. G418-resistant clones were 
isolated by standard methods. Once sufficient cell 
numbers were obtained, clones were analyzed based on 
35 several criteria: constitutive lucif erase production, 
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induction of lucif rase expression by dexamethasone (l 
Mm, Sigma, St. Louis, MO), satisfactory attachment to 
microtiter plates used in the high-throughput scr n (see 
section G) and acceptable standard deviation in multiple 
5 lucif erase expression assays (see below for assay 
protocol); This analysis was carried out using the 
lucif erase assay conditions described above. of the 
clones which satisfied the above criteria for the high 
throughput screen, one clone, M10 (ATCC # 10659), was 
10 selected for use. 

4. K-ras control cell line 

75 micrograms of the pKRAS106 plasmid was linearized by 
15 a single restriction endonuclease cleavage within the 
vector backbone and electroporated into SW4 80 human colon 
carcinoma cells. Neomycin resistant clones were isolated 
and tested for lucif erase activity. Clones testing 
positive for lucif erase production were subjected to 
20 Southern blot analysis (see below). The best clone 
(producing the highest signal and carrying a single 
intact copy of the transfected DNA) was utilized for high 
throughput screening (designated clone K-2) . 

25 5. CMV control cell line 

Hep3B hepatocellular carcinoma cells were transfected by 
electroporation with 75 micrograms of pCM106 which had 
been linearized by a single Seal cut within the vector 

30 backbone. Neomycin resistant colonies were isolated and 
tested for luciferase activity. Luciferase positive, 
neomycin resistant clones were subjected to Southern blot 
analysis (see below) . The best clone, producing the most 
luciferase activity from a single, correctly integrated 

35 vector was selected for use as the CMV reporter cell line 
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in the high throughput screen (this clone was designated 
CM1) . 

J. Hiah-Throuahput ( HTPV Screening 

5 

Cell plating: Dynatech Microliter 96 well plates were 
custom pretreated for cell attachment by Dynatech 
Laboratories, Inc. (Chant illy, VA) . Alternatively, the 96 
well plates were treated with 50 ul per well of human 
10 fibronectin (hFN, 15 jxg/ml in PBS, Collaborative 
Research, Bedford, MA) overnight at 37°C. hFN-treated 
plates were washed with PBS using an Ultrawash 2 
Microplate Washer (Dynatech Labs), to remove excess hFN 
prior to cell plating. M10 and 621 cells maintained in 
15 their respective serum media (with 0.2 mg/ml 6418) were 
washed with PBS, harvested by trypsinization, and counted 
using a hemocytometer and the Trypan Blue exclusion 
method according to protocols provided by Sigma, St. 
Louis, MO Chemical Company. Cells were then diluted into 
20 serum free defined media (with 0.2 mg/ml 6418), and 0.2 
ml of cell suspension per well was plated onto Dynatech 
treated plates (621) or hFN-treated plates (M10) using a 
Cetus Pro/Pette (Cetus, Emeryville CA). Plates were 
incubated overnight at 37°C in a humidified 5% C0 2 
25 atmosphere. 

Addition of Chemicals to Cells: Chemicals from the 
Oncogene Science file were dissolved in DMSO at 
concentrations of 3*30 mg/ml. A liquid handling 

30 laboratory work station (RSP 5052, Tecan U.S. Chapel 
Hill, NC) was used to dilute the chemicals (three 
dilutions; 5 fold, 110 fold, and 726 fold) . 10 Ml of 
each dilution were added to each of quadruplicate samples 
of cells contained in the wells of 9 6-well Dynatech 

35 Microlite Plates. Cell plates were then shaken on a 
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microplat shaker (Dynatech, medium setting, 30 sec.) and 
incubated for 6 hours at 37°C, 5% co 2 . 

Bioluminescence Assay: After incubation with OSI-file 
5 chemicals, cell plates were washed 3 times with PBS using 
an Ultrawash 2 Microplate Washer (Dynatech Labs) and 75 
ul of Lysis Buffer 2 were added to each well (Lysis 
Buffer 2 is the same as Lysis buffer 1 except that the 
ATP and DTT concentrations were changed to 2.67 mM and 
133 mM, respectively). Bioluminescence was initiated by 
the addition of 25 ul 0.4 fm Luciferin in Buffer B to 
each well, and was measured in a Dynatech ML 1000 
luminometer following a 1 minute incubation at room 
temperature. Data were captured using Lotus-Measure 
(Lotus) software and processed by custom-designed macros 
written in Lotus. 



10 



15 



20 



25 



30 



35 



More recently the cell lysis buffer was modified to also 
contain the luciferin. Therefore, lysis of cells and the 
bioluminescence reaction begin simultaneously and the 
production of bioluminescent light reaches a maximum at 
about 5 min . The level of light output declines by about 
20% within further 30 min. For better lysis buffer 
stability bovine serum albumin has been omitted. This 
improved lysis buffer has been shown to remain fully 
functional for at least 12 hours, when kept on ice and 
protected from direct light. 

Also, more recently, a fully automated device as 
described in U.S. patent application #382,483 was used to 
incubate lucif erase reporter cells in 96-well microtiter 
plates, transfer chemicals and known transcriptional 
modulators to the cells, incubate cells with the 
chemicals, remove the chemicals by washing with PBS, add 
lysis buffer to the cells and measure the bioluminescence 
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produced* 

An additional recent improvement is the ability t screen 
suspension cell lines in the automated high through-put 
5 mode using custom manufactured, opaque. 96 well filter 
plates (Millititer Plates, Millipore Corp.)* This 
involved the manufacture of a robotic filtration and 
washing station. 

10 

RESULTS 

A, in vivo signal ha lf-life of the lucif erase reporter 
system 

15 

When screening for inhibitors rather than inducers of 
transcription, the half-life of the reporter molecule 
becomes a crucial parameter in determining the minimal 
incubation time that would bet necessary to allow enough 

20 decay of reporter molecules so that the inhibition of 
their synthesis became visible. The oncogene reporter 
cell line were therefore tested for the time dependency 
of lucif erase activity after treatment of the cells with 
Actinomycin D, an inhibitor of transcription. This 

25 experiment measured the combined half-life of lucif erase 
mHKA and of the lucif erase protein and compares the rate 
of signal decay of the H-ras, K-ras and c-erbB2 reporter 
cell lines to a CHV reporter cell line control. Cells 
derived from clones CM1 (CMV), K-2 (K-ras) (ATCC # 

30 10662), H21 (H-ras) (ATCC # 10640), plasmid construction 
details and tranfection information not shown) and N-2 
(c-erbB2) (ATCC # 10658) were seeded into 96-well 
microtiter plates and incubated overnight. At time 0, 
Actinomycin D (25 fig/ml) was added. At the times 

35 indicated in Figure 20, cells were washed with PBS and 



PCT/US92/00419 

58 



WO 92/13063 PCT/US92/00419 

59 

luciferase activity of Actinoaycin-treat d c lis 

siLTT M dGSCribed iB Materials and ^thods. The 
signal fro, the treated cells was coapared to the 

5 o 7^ 8 » Ctivl ^ of created controls. The logarithm 
, h ! treated/untreated ratio was plotted versus time,* 

Ufe'oTtH f hOWninPi9Ure2 °- ^^tedhalfl 
life of the signal fro* each of the four cell lines is 

shown in table 1. The half-lives were found to range 

_ frcar about 3 to 10 hours indicating that a 24 hour 

10 incubation with a loot efficient inhibitor o" 

transcription would be sufficient to reduce luciferase 

levels to 6% of the control in the tested cell lines. 

P- Quality Aamii^n ^ Ana^y g< ? 

15 

A number of quality assurance criteria are routinely 
assessed during the course of high throughput screens. 
Data from fta analysis of a portion of Screen III are 
shown in Figures 21-24. Figure 21 shows an analysis of 
20 the consistency of the luciferase signal on various areas 

froTt Plate ;, ^ ° f ne9atiye values 

from three different areas within each plate are 

calculated and plotted versus plate number. The expected 

25 Lit ValtteS ^ ^ 0t 1638 *™ 0.4 

25 indicate uneven signal generation across the plate. i„ 

1L ^ 24<> PlateS ' "V™***** "40 compounds, 
tested ^gainst three cell lines, are shown. The 
Efficient of variance for the 12 negative control 
values from each of the same 240 plates are represented 
30 by the data shown in Figure 22. Values less than 20% are 
considered acceptable. similar data for the 12 positive 
control values of the same plates are shown in figure 23 
Figure 24 shows the transcription induction ratio (thJ 
for the positive controls of one cell line represented in 
35 the same set of 240 plates. The TIR is the ratio of the 
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experimental values to the untreated controls. In this 
case th cell line is th K-ras reporter and the positive 
control is Actinomycin D a potent general inhibitor f 
transcription. Three values are shown for each plot # 
5 representing three different concentrations of 
Actinomycin D. The expected value for such an analysis 
depends on the half life of the signal and the incubation 
time (here 24 hours) , but for this combination, typical 
values range from 0.4 to 0.3 fold. 

10 

C. Hiah-T hrouahDUt Drutr Screen 
1. Screen I 

15 Table 1 shows a summary of the results of a one-week, 
high-throughput screen of 2,000 chemicals to identify 
those chemicals specifically stimulating or inhibiting 
transcription from the HGH or MMTV and G-CSF (control) 
promoters. This screen concurrently tested chemicals at 

20 three concentrations on quadruplicate samples of the M10 
(MMTV) , G21 (G-CSF) and 532 (HGH)? cell lines. A minimum 
stimulation of one promoter, to the degree indicated, and 
less than 50% activation of the other promoter was 
required for a chemical to be considered a selective 
25 activator. A minimum inhibition of 3 fold of one 
promoter and less than 20% inhibition of the other 
promoter was required for a chemical to be considered a 
selective inhibitor. Table 2 identifies the compounds 
which scored as positive in the screen and reports their 
30 induction ratios. 

■ ■* 

2. Screen II 

Table 3 presents the data from another, independent 
35 screen representing a three week high throughput screen 
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of 2334 compounds. Three c 11 lines were utillz d; CHI 
(the CMV reporter cell line) as a control for nonspecific 
ffects. N-2 (the c-erbB2 r porter cell line) and K-2 
(the K-iaa reporter cell line, also used here as a 
5 control). Bach compound was assayed at three 
concentrations in quadruplicate. Each microtiter plate 
included a negative control row (no added compound) and 
a positive control row (Actinomycin D at three 
concentrations) . The data are reported as TIR 
10 (transcription induction ratio) which is the median of 
the samples quadruplicate values divided by the median of 
the negative control values. In this case 

transcriptional inhibitors are sought, so the selection 
criteria for lead compounds is that the test promoter be 
15 inhibited to 0.4 of the negative control while the other 
cell lines remain within 0.8X of the control value. 
During these three weeks 10 compounds scored positive for 
the specific inhibition of the K -ras promoter, 19 scored 
as leads for the inhibition of the c-erbB2 promoter and 
20 39 compounds inhibited nonspecif ically. 
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TABLE 1 

SUMMARY OT HIGH-THROUGHPUT SCREEN III 

Number (%) of Chemicals Which Activate Expression: 
2-3X 3-5X 5-7X 7-10X >10X 



Total 



G-CSP: 



0 23 10 



(0%) (1.1%) (0.5%) (0.15%) (0.10%) a.9%) 



MMTV: 



15 



1 1 1 8 



(0.7%) (0.05%) .'(Of) ( o.05%) (0.05%) (0.9%) 



0 0 12 5 6 23 

(0%) (0%) (0.6%) (0.03%) (0.03%) (1.14%) 

Number (%) of Chemicals Which Inhibit Expression >3 Fold 
Promoter 

G-CSP 7 (0.35%) 

MHTV l (0.05%) 

hGH 42 (2.1 %) 
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TABLE 2 

A> SCREEN III TRANSCRIPTIONAL ACTIVATORS 

FOLD INDUCTION RELATIVE 
TO SOLVENT CONTROL 



Chemical! Chemical Name 


GCSF 


hGH 


MMTV 


G-CSF: 








40 
58 


3-Acetyl-2-6-Bis (tertiary butyl 
ammo) -4 -metnyl-pyradine 
1-Acetylimidazole 


5.62 
6.03 


0.62 
0.17 


0.27 
0.42 


237 


N-Carbethoxy-phthalimide 


4.77 


0.06 


0.62 


254 


1- (2-Chloroethyl) piperidine 


4.09 


0.90 


0.98 


364 


Melamine . 


3.67 


1.18 


1.07 


ATX 




>3 


0.50 


0.87 


542 


5-Bromo-2 , -deoxycytidihe 


6.28 


1.08 


1.26 


543 


5-Bromo-2 1 -deoxyuridine 


7.17 


0.72 


0.98 


a 1 o 


oiueJDerry leaf extract 


3.84 


1.17 


0.78 


1025 


ClllVPr«l PAnf Avf rar»f 
VCJbB IWOb CAblawb 


4.09 


0.98 


1.24 


1234 


4-Aminocinnamic Acid hydrochloride 


4.97 


0.51 


1 . 03 


1255 


i-Bromo-3 , 5-dichlorobenzene 


6.74 


0.43 


1.09 


1374 


4 '-Aaino-N-methylacetanilide 


11.03 


0.05 


1.05 


1375 


4 1 - ( aminomethyl ) benzene sulfonamide 
hydrochloride 


8.94 


0.04 


1.37 


1376 


2-Amino~5-Methyl benzene sulfonic 
acid 


6.37 


0.04 


1.32 


1397 


5-Aaino-3-methylisothiazole 
hydrochloride 


3.63 


0.57 


li>13 


1482 


2-Aminophenyl disulfide 


3.99 


0.54 


1.07 


1483 


4-Aminophenyl disulfide 


4.64 


0.38 


1.09 
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Tabl 2 team.) 



Cheyiicalf Chemical Wa^ 
1521 2-Aiaino-6-puriiiethiol 
8 -Bromoadenosine 



1583 
1592 

1783 
1793 

1994 
2001 
2030 
2096 

2097 
2129 
GROUP At 



Bis(2, 2, 3, 3, 4, 4, 5, 5,6,6,7,7,) 
dodecaf luoroheptyl- (+) -camphorate 

Cupf erron 

Cyanamethyl-M, N-dimethyl 
dithiocarbaaate 

3 - Bromobiphenyl 

l-Bromo-4-tertiary butyl benzene 

4- Brraio-2-fluoro-6-nitroanizol 

(+) -l-BroBo-3-Chldro-2inethyl 
propane 

l-Bromo^5-Chloro pentane 
4-Chlorobenzyl Chloride 



FOLD INDUCTION 

hm mmtv 

3.59 Q.73 0.92 

5.82 0.12 0.88 

3.20 0.74 1.34 

6.55 0.32 0.89 

9.50 0.52 1.21 



3.29 


0.34 


0.63 


3.11 


0.74 


1.12 


5.53 


0.67 


0.87 


3.27 


0.61 


0.89 


5.09 


0.88 


1.22 


3.23 


0.75 


0.95 



378 


7-Oxo-7H-benzo[e]pyrimidiiie 
4-carboxylic add 


4.12 


0.26 


0.59 


423 


Quinacrine dihydrochloride hydrate 


2.39 


0.56 


0.64 


427 


Resazurin 


3.14 


0.43 


0.71 


836 


Thionin 


3.20 


0.23 


0.58 


1776 


Cresyl Violet Acetate 


3.50 


0.15 


1.36 


1904 

GROUP B: 


9-Aminoacridine hydrochloride 


4.12 


0.54 


0.82 


670 


Methyl Green 


>3 


0.52 


0.79 


1780 


Crystal Violet 


20.39 


0.38 


1.15 
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Table 2 fcm^ > 



Chemical i Chemical Name 
GROUP A Alfp 



FOLD INDUCTION 
GCSF . hGH MMTV 



80 
hGH: 


ACT* 1 d 4 no Hra nrro 


5.87 


0.66 


0.83 


70 


2-Acetylpyrrole 


0.43 


9.26 


0.85 


299 , 


10, 11-Dihydrocarbamazepine 


0.53 


5.46 


0.47 


322 


l-ethyl-2-benzimidazolinone 


0.60 


11.18 


1.12 


325 


Fisetin 


0.14 


5.42 


1.0 


552 


3- ( 4-chlorophenyl) - 
l-methoxy-l-methyl urea 


0.81 


5.31 


0.86 


790 


Rlvanol 


0.01 


5.94 


0.58 


9 7£ 


Kose Bengal 

* j* 1 • ■ . • 


0.94 


5.31 


1.21 


856 




0.28 


6.49 


0.42 


1004 


Am i njh Ay 


0.85 


6.48 


1.22 


1160 


Rochester # 6180 


0.38 


5.79 


0.80 


1251 


Bromocresol Green 


0.14 


15.19 


0.33 


1337 


4-ABlno-5-hydroxy-l-naphthalehe 
sulfonic add 


0.07 


15.87 


0.23 


1499 


2-Amino-4-phenylthiazole 
hydrobronide monohydrate 


0.24 


5.55 


0.61 


1550 


2-Aminothiazole 


0.04 


5.44 


0.87 


1552 


2-aaino-2-thia2oline 


1.23 


7.26 


0.52 


1561 


4-Amino-3 , 5 , 6-trichioropicolinic 
acid 


0.23 


8.05 


0.48 


1598 


N, N » -Bis- [ 3- (4 , 5-dihydro-lH- 
imidizol^2-yl)phenyl] urea 
dipropanoate 


0.72 


5.32 


1.27 
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Table 2 tenm j 



Chemicalj Chemical gage, 

1678 4 , 8-Bis (hydroxymethyl) -tricyi 
[5,2,l,0«jdecane 

5-carbethoxy-2-thiouracil 

^•^carbobenzyloxy-L-lysine 
Cyclobutane carboxylic acid 
Alec Blue 

Alizarin Blue Black B 



1740 
1747 
1804 
1876 
1881 



MMTV: 



do 



FOLD INDUCTION 

hGH MMTV 

0.36 7.08 0.89 

0.74 17.77 0.87 

0.78 6.16 0.86 

1.05 9.41 0.49 

0.87 11.91 0.40 

0.21 18.87 0.69 



189 


Bathocuproincdisuifonic Acid 
disodium salt hydrate 


1.06 


1.47 


2.80 


453 


*. 2 , 2 1 : 6 » ., 2 "-Terpyridine 


0.79 


0.58 


13.30 


519 


b-Apo-8 » -carotenal 


1.15 


0.68 


2.76 


562 


Copaiva Balsam 


1.10 


0.15 


2.34 


629 


Homoveratric acid 


0.85 


1.05 


2.48 


633 


5-lodorotic acid 


1.02 


0.86 


2.46 


765 


Prednisolone-21-Acetate 


0.96 


1.30 


2.66 


828 


2,4,5,4* -Tetrachlorodiphehylsulf ide 


1.47 


1.34 


2.20 


848 


Triamcinolone acetonide 


0.75 


1.28 


2.43 


944 


Peanut 


1.15 


0.91 


2.10 


1269 


5-A»ino-4 , 6-dichloropyrimidine 


0.72 


0.91 


2.18 


1316 


2-Aminofluorene 


0.74 


1.39 


2.33 


1318 


2-Amino-9-£luorenohe 


1.13 


0.85 


2.41 


1384 


2-Amiho-4 '-aethylbenzophenone 


1.33 


0.50 


2.43 
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Labia 2 fcoyp.). 



S&Sffilcaii • Chemical *™ 
1573 5-Bromoacenapthene 



2064 

2148 
2191 



coumarin 

2-chlorocyclohexanone 
Chloramphenicol 



B) SCREEN HI TRMWCRIPTIOHAL INHIBITORS 



FOLD INDUCTION 





QCSf 


hGH 


MMTV 




1.49 


0.34 


4.30 


-dimethoxy- 


0.82 


1.10 


2.53 



0.45 0.92 2.82 

0.37 0.35 7.32 



CONTROL 



FOLD INHIBITION 
RELATIVE TO SOLVENT 



Chemical f 
0-C8F: 


Chemical Jjaflfi 


SCSE 


hGH 


MMTV 


209 


4-Benzoylpyridine 


6.66 


1.08 


0.81 


371 


Morin hydrate 


11.11 


0.41 


0.89 


660 


Maclurin 


10.0 


0.34 


1.04 


,798 , 


SalicylaaJ.de 


4.76 


0.90 


0.68 


2009 


4-Bromo-3 , 5^-diaethylpyrazole 


3.70 


0.57 


0.64 


2082 


4-Brcao-3-Methylpyrazole 


5.26 


0.65 


1.23 


2121 


3-Chlorobenzyi alcohol 


4.76 


0.40 


1.14 


hGH: 










183 


Auramine o 


0.72 


4.00 


0.70 


240 


Carninic acid 


0.63 


5.26 


0.80 


443 


Sulfamethazine 


0.60 


4.76 


0.79 


512 


Amaranth 


0.81 


5.26 


0.68 
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Tabj. 2 fCOKT.) 
Chemical* Chemical Name 



541 5-Bromo-4 -Chloro-3 - indoxy 1 - 

phosphate K-salt 



wjO 


cnronazuroi s 




ciove oil 


Of/ 


wa— Ne—uiacety i —ii-iy s ine 


z> / o 


uioenzoyi— D— tartaric acid 




nyaancoin-o— acetic acid 




Kernechtrot 


759 


Piperidine 


764 


Prednisolone 


875 


Black Walnut extract 


892 


Colts Foot Leaves extract 


893 


Comfrey Leaf extract 


920 


Horehound Herb extract 


921 


Horsetail Grass extract 


942 


Pau D'Arco extract 


970 


Thyme extract 



1591 l,2-Bis(di-p-tolylphosphino)- 
. ethane 

1604 2,4-Bis[5,6-bis(4-sulfophenyl) 
1, 2 , 4-Triazine-3-yl) -pyridine, 
tetrasodium salt hydrate 

1635 [ (15) -endoj - (-) -Borneol 

1640 1, 2-Bis (2-pyridyl) -ethylene 

1641 2 , 3-Bis (2-pyridyl) -pyrazine 



FOLD INHIBITION 

<?CSF hOT MMTV 

0.90 6.25 0.86 

0.73 33.33 0.87 

0.62 5.00 0.05 

0.64 4.00 0.68 

0.65 4.00 0.91 

0.70 3.57 0.74 

0.64 5.00 0.59 

0.64 5.88 0.95 

0.82 4.54 0.59 

0.69 6.25 0.80 

0.68 11.11 0.87 

0.74 11.11 0*90 

0.56 3.84 0.84 

0.72 3.44 0.86 

0.80 6.25 0.63 

0.57 4.34 1.07 

0.56 5.55 0.96 



0.77 


5.00 


0.97 


0.71 


9.09 


0.99 


0.79 


5.00 


0.59 


0.83 


5.55 


0.60 
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, Tabla 2 (cowr.i 

FOLD INHIBITION 



Chemical* 


Chemical Name 


GCSF 


hGH 


MMTV 


1648 


2— T5 . fi— Bis f fnnKonvl \ — 1 *> a _ 

triazine-3-yl ] -4- (4-sulf ophenyl) 
pyxrxuxne, triscxnun sail 


0.86 


7.69 


1.00 


1651 


Bis (2 , 2 , 2-trif luoroethyl) 
(BetnocarDonyl-metiiyl) — 
phosphorate 


0.69 


3.57 


0.70 


1655 


2 , 5-Bis ( trlf luoro-methyl ) benzoic 

acid 


0.54 


4.76 


0.81 


1703 


. 3-BroBobenzonitrile 


0.76 


10.00 


0.90 


1704 


4-Bromobenzonitrile 


0.77 


4.16 


0.94 


1705 


4-Bromobenzophenone 


0.54 


14.28 


0.62 


1712 


Calcein Blue 


0.74 


8.33 


0.94 


1720 


(15) - (-) --Camphor , 


0.65 


4.76 


0.66 


1764 


7- (Carboxynethoxy ) -4- 

ne fcnyjL couaa rxn 


0.55 


7.14 


0.82 


1770 


■ - >• 

i*<ixjiix*1Xw awlu 


0.54 


10.00 


0.57 


1771 

..X / / X 


jj y arnos xn© 


0.71 


10.00 


0.72 


1 77 V 
XI 1 i 


O-Cresolphthalein Complexone 


0.62 


10.00 


0.67 


1890. 


Alloxazine 


0.80 


5.26 


0.58 


2035 


5-Bromofuroic acid 


0.57 


7.14 


0.89 


2036 


8-Bromogaanosine 


0.58 


4.34 


0.81 


2037 


1-Broaohexadecane 


0.51 


4.00 


0.50 


MMTV: 










2010 


2-Bro»o-4 # 6-dinitroaniline 


0.80 


0.63 


3;57 
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TABLE 3 

The Number (and %) of Compounds Scoring as Specific Repressors 
CeU Line fiyafegr. $ 

K-ras 10 0.4 

neu 19 0.8 

017 .1 0.04 

Toxic 39 2.7 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 



(i) APPLICANT: Oncogene, Science Inc. 





(iii) NUMBER OF SEQUENCES : 22 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: John P. White, Esq. 

(B) STREET: 30 Rockefeller Plaza 

(C) CITY: New York 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) ZIP: 10112 

(v) COMPUTER READABLE FORM: 

(A) ME DIUM T YPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 17-JAN-1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: White, John P. 

(B) REGISTRATION NUMBER: 28,678 

(C) REFERENCE/DOCKET NUMBER: 26134-F1-PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) , TELEPHONE: 212-977-9550 

(B) TELEFAX: 212-664-0525 

(C) TELEX: 422523 coop ui 



(2) INFORMATION FOR SEQ ID NOM: 

(i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DMA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

AAACAGTGGT GTGGCGACTC CGTTTAGCTG TTCTGGAGCT 
40 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

TGGATCGCAG CGCTGCCTTT CCT . 
23 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATGAGGAAA 66CA6CGCT6 CGATCCAGCA C 
31 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

TG6C6CAGCG CTCCAGGAGA AGCTG 
25 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGCTATGGAG TTGGCTCAAG CAGCCTGC 
28 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GGCGGGTCTG TAGGCAGGTC GGCTC 
25 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
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CAGTAAGAGC TCAGCCCTTG CCCTGGGCAG G 
31 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

CTCCAGCCCG CAGCTCCAGG AGTCTG 

' 26 

. (2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CCCTCTACAC TGGCAGTTCC ACCTG ' 
25 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGCCAAGGAG GCCGAGAATA TCACG 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 

GCCAGACTTC TACGGCCTGC TGCCCGAC 
28 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TCAGCAATTG AGAGCATTCT TAAA 
24 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GTCCTTGATA TGGATTGGAT GTCG 
24 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

i. 

ACTAATAATG TAAAAGACGT CACTAAATTG 
30 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) ; MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

TCTCGCTTAT CCAACAATGA CTTGG 
25 

(2) INFORMATION FOR SEQ ID NO:16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) 'MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CCAGAACAGC TAAACGGAGT CGCCACACCA CTGTTTGTGC 
40 

(2) INFORMATION FOR SEQ ID NO: 17: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : singl 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GCCAAAAGCC ATGGGCAGGG ACGTCCGGGA 
30 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TTACCTGTAG CCATGGCCGC TAGGTGAGCT 
30 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CATGGGGCCG GAGCCGCAGT GAGCAC 
26 

(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 26 bas pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: singl 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

CATGGTGCTC ACTGCGGCTC CGGCCC 
26 



(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPB: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
TCGAGATCTG AGGCCTGCTG ACCATGGGGG CC 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CCCATGGTCA GCAGGCCTCA GATC 
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What is claimed is: 

1. A method of directly transcriptionally modulating the 
expression of a gene encoding a growth factor, the 
expression of which is associated with a defined 
5 physiological or pathological effect within a 

multicellular organism, which comprises contacting a 
cell, which is capable of expressing the gene, with a 
molecule at a concentration effective to 
transcriptionally modulate expression of the gene and 
10 thereby affect the level of the growth factor encoded 

by the gene which is expressed by the cell, which 
molecule (a) does not naturally occur in the cell and 
(b) specifically transcriptionally modulates 
expression of the gene encoding the growth factor, and 
15 (c) binds to ONA or RNA, or binds to a protein at a 

site on such protein which is not a ligand-binding 
domain of a receptor which naturally occurs in the 
cell, the binding of a ligand to which ligand-binding 
domain is normally associated with a defined 
20 physiological or pathological effect. 

2. A method of directly transcriptionally modulating the 
expression of a gene encoding a growth factor 
receptor, the expression of which is associated with 

25 a defined physiological or pathological effect within 

a multicellular organism, which comprises contacting 
a cell, which is capable of expressing the gene, with 
a molecule at a concentration effective to 
transcriptionally modulate expression of the gene and 

30 thereby affect the level of the growth factor receptor 

encoded by the gene which is expressed by the cell, 
which molecule (a) does not naturally occur in the 
cell and (b) specifically transcriptionally modulates 
expression of the gene encoding the growth factor 
35 receptor, and (c) binds to DNA or RNA, or binds to a 
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protein at a site on such protein which is not a 
ligand-binding domain of a receptor which naturally 
occurs in the cell, the binding of a ligand to which 
ligand-binding domain is normally associat d with a 
defined physiological or pathological effect. 

A method of claim 1 or 2, wherein the molecule does 
not naturally occur in any cell of a lower eucaryotic 
organism* 

A method of claim 1 or 2, wherein the molecule does 
not naturally occur in any cell* 

, * 

A method of claim 1 or 2, wherein the molecule is not 
a naturally occurring molecule. 

A method of claim 1 or 2, wherein the cell is a cell 
Of the multicellular organism. 

A method of claim 1 or 2, wherein the cell is a fish 
cell. 

A method of claim l or 2, wherein the cell is a avian 
cell. 

A method of claim l or 2, wherein the cell is an 
animal cell. 

10. A method of claim 9, wherein the animal cell is a 
30 human cell. 

11. A method of claim 9, wherein the animal cell is a 
bovine cell. 

35 12. A method of claim 9, wherein the animal cell is a 



3. 

10 

4. 
5. 

15 



20 7. 



8. 



25 



9. 
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porcine c 11. 

13. A method of claim 1, wherein the transcriptional 
modulation comprises upregulation of expression of the 

5 gene encoding the growth factor. 

14. A method of claim 1, herein the transcriptional 
modulation comprises downregulation of expression of 
the gene encoding the growth factor. 

10 

15. A method of claim 2, wherein the transcriptional 
modulation comprises upregulation of expression of the 
gene encoding the growth factor receptor. 

15 16. A method of claim 2, wherein the transcriptional 
modulation comprises downregulation of expression of 
the gene encoding the growth factor receptor. 

17. A method of claim 1 or 2, wherein the molecule binds 
20 to a modulatable transcriptional sequence of the gene. 

18. A method of claim 1 or- 2, wherein the molecule 
comprises an antisense nucleic acid. 

A method of claims 17, wherein the molecule comprises 
double-stranded nucleic acid. 

A method of claim 17, wherein the molecule comprises 
a nucleic acid capable of forming a triple helix with 
double-stranded DNA. 

21. A method of claim 1, wherein the growth factor is a 
human growth factor. 

35 22. A method of claim 1, wherein the growth factor is a 



25 19. 
20. 

30 
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bovine growth factor. 

23. A method of claim 1, wherein th growth factor is a 
porcine growth factor. 

5 ' 

24. A method of claim 1, wherein the growth factor is a 
fish growth factor. 

25. A method of claim 1, wherein the growth factor is an 
10 avian growth factor. 

26. A method of claim 1, wherein the growth factor is a 
transforming growth factor beta. 

15 27. A method of claim 1, wherein the growth factor is an 
epidermal growth factor. 

28. A method of claim 1, wherein the growth factor is a 
transforming growth factor alpha. 

20 

29. A method of claim 1, wherein the growth factor is 
insulin. 

30. A method of claim 1, wherein the growth factor is an 
25 insulin-like growth factor. 

31. A method of claim 1, wherein the growth factor is a 
platelet derived growth factor. 

30 32. A method of claim 1, wherein the growth factor is a 
vascular endothelial cell growth factor. 

33. A method of claim 1, wherein the growth factor is a 
fibroblast growth factor. 

35 
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34. A method of claim 1, wherein the growth factor is a 
nerve growth factor. 

35. A m thod of claim l, wher in the growth factor is a an 
5 interleukin. 

36. A method of claim 35, wherein the interleukin is IL-1. 

37. A method of claim 35 , wherein the interleuJein is IL-2. 

10 

39. A method of claim 35, wherein the interleukin is IL-4. 

40. A method of claim 35, wherein the interleukin is IL-5. 

15 41. A method of claim 35, wherein the interleukin is IL-6. 

42. A method of claim 1, wherein the growth factor is a 
bone morphogenic protein. 

20 43. A method of claim 2, wherein the growth factor 
receptor is a human growth factor receptor. 

44. A method of claim 2, wherein the growth factor 
receptor is a bovine growth factor receptor. 

25 ; 

45. A method of claim 2, wherein the growth factor 
receptor is a porcine growth factor receptor. 

46. A method of claim 2, wherein the growth factor 
3d receptor is a fish growth factor receptor. 

47. A method of claim 2, wherein the growth factor 
receptor is an avian growth factor receptor. 

35 48. A method of claim 2, wherein the growth factor 
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receptor is the receptor for a transforming growth 
factor beta. 

49. A method of claim 2, wherein the growth factor 
5 receptor is the receptor for an epidermal growth 

factor. 

r" 

50. A method of claim 2, wherein the growth factor 
receptor is the receptor for a transforming growth 

10 factor alpha. 

51. A method of claim 2, wherein the growth factor 
receptor the receptor for insulin. 

15 52. A method of claim 2, wherein the growth factor 
receptor is a platelet derived growth factor receptor. 

53. A method of claim 2, wherein the growth factor 
receptor is VBGF receptor. 

20 

54. A method of claim 2, wherein the growth factor 
receptor is NGF receptor. 

55. A method of claim 2, wherein the growth factor 
25 receptor is an interleukin receptor. 

56. A method of claim 55 , wherein the interleukin receptor 
is an IL-1 receptor. 

A method of claim 55, wherein the interleukin receptor 
is IL-2 receptor. 

A method of claim 55 wherein the interleukin receptor 
is !L-2a receptor. 



30 57. 

58. 

35 
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59. A method of claim 55, wherein th interleukin receptor 
is IL-3 receptor. 

60. A method of claim 2, wherein the growth factor 
5 receptor is a hematopoietic growth factor receptor. 

61. A method of claim 60, wherein the hematopoietic growth 
factor receptor is a G-CSF receptor. 

10 62. A method of claim 60, wherein the hematopoietic growth 
factor receptor is GM-CSF receptor. 

63 . A method of claim 60, herein the hematopoietic growth 
factor receptor is BPO receptor. 

15 

64. ? A method of claim 60, wherein the hematopoietic growth 

factor receptor is c-fms (M-CSF receptor) . 

65. A method of claim 60, wherein the hematopoietic growth 
20 factor receptor is c-]ei£ (c-kit ligand receptor). 

66. A method of claim 2, wherein the growth factor 
receptor is erb B2 ( neu ) . 

25 67. A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
factor which comprises contacting a sample which 

30 contains a predefined number of cells with a 

predetermined amount of a molecule to be tested, each 
such cell comprising DNA consisting essentially of (i) 
a modulatable transcriptional regulatory sequence of 
the gene encoding the growth factor, (ii) a promoter 
35 of the gene encoding the growth factor, and (iii) a 
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DNA sequence encoding a polyp ptide other than the 
growth factor, which polypeptide is capable of 
producing a detectable signal , which DNA sequence is 
coupled to, and under the control of, the promoter, 
5 under conditions such that the molecule, if capable of 

acting as a transcriptional modulator of the gene 
encoding the growth factor, causes a measurable 
detectable signal to be produced by the polypeptide so 
expressed, quantitatively determining the amount of 
10 the signal produced, comparing the amount so 

determined with the amount of produced signal detected 
in the absence of any molecule being tested or upon 
contacting the sample with amy other molecule, and 
thereby identifying the molecule as one which causes 
15 a change in the detectable signal produced by the 
polypeptide so expressed, and thus identifying the 
molecule as a molecule capable of transcriptionally 
modulating the expression of the gene encoding the 
growth factor. 

20 

68. A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 

25 factor which comprises contacting a sample which 

contains a predefined number of cells with a 
predetermined amount of a molecule to be tested, each 
such cell comprising DNA consisting essentially of (i) 
a modulatable transcriptional regulatory sequence of 

30 the gene encoding the growth factor, (ii) a promoter 

of the gene encoding the growth factor, and (iii) a 
reporter gene, which expresses a polypeptide, coupled 
to, and under the control of, the promoter, under 
conditions such that the molecule, if capable of 

35 acting as a transcriptional modulator of the gene 
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encoding the growth factor, causes a measurable change 
in the amount of the polypeptide produced, 
quantitatively d termining the amount of th 
polypeptide so produced, comparing the amount so 
5 determined with the amount of polypeptide produced in 

the absence of any molecule being tested or upon 
contacting the sample with any other molecule, and 
thereby identifying the molecule as one which causes 
a change in the amount of the polypeptide expressed, 
10 and thus identifying the molecule as a molecule 

capable of transcriptionally modulating the expression 
of the gene encoding the growth factor. 

69. A method of determining whether a molecule not 
15 previously known to be a modulator of protein 

biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
factor, which comprises contacting a sample which 
contains a predefined number of cells with a 

20 predetermined amount of a molecule to be tested, each 

such cell comprising DNA consisting essentially of (i) 
a modulatable transcriptional regulatory sequence of 
the gene encoding the growth factor, (ii) a promoter 
of the gene encoding the growth factor, and (iii) a 

25 DNA sequence transcribable into mRNA coupled to and 

under the control of, the prompter, under conditions 
such that the molecule, if capable of acting as a 
transcriptional modulator of the gene encoding the 
growth factor, causes a measurable difference in the 

30 amount of mRNA transcribed from the DNA sequence, 

quantitatively determining the amount of the mRNA 
produced, comparing the amount so determined with the 
amount of mRNA detected in the absence of any molecule 
being tested or upon contacting the sample with any 

35 other molecule, and thereby identifying the molecule 
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as one which causes a change in the detectabl mRNA 
amount of , and thus identifying the molecule as a 
molecul capable of transcriptionally modulating th 
expression of the gene encoding the growth factor. 

5 

70. A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
10 factor receptor which comprises contacting a sample 

which contains a predefined number of cells with a 
predetermined amount of a molecule to be tested/ each 
such cell comprising DNA consisting essentially of (i) 
a modulatable transcriptional regulatory sequence of 
15 the gene encoding the growth factor receptor/ (ii) a 

promoter of the gene encoding the growth factor 
receptor, and (iii) a DNA sequence encoding a 
polypeptide other than the growth factor receptor, 
which polypeptide is capable of producing a detectable 
20 signal, which DNA sequence is coupled to, and under 

the control of, the promoter, under conditions such 
that the molecule, if capable of acting as a 
transcriptional modulator of the gene encoding the 
growth factor receptor, causes a measurable detectable 
25 signal to be produced by the polypeptide so expressed, 

quantitatively determining the amount of the signal 
produced, comparing the amount so determined with the 
amount of produced signal detected in the absence of 
any molecule being tested or upon contacting the 
30 sample with any other molecule , and thereby 

identifying the molecule as one which causes a change 
in the detectable signal produced by the polypeptide 
so expressed, and thus identifying the molecule as a 
molecule capable of transcriptionally modulating the 
35 expression of the gene encoding the growth factor 
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r ceptor -. 

71. A method of determining whether a molecule not 
previously known to be a modulator of protein 
5 biosynthesis is capable of transcriptionally 

modulating the expression of a gene encoding a growth 
factor receptor which comprises contacting a sample 
which contains a predefined number of cells with a 
predetermined amount of a molecule to be tested, each 
10 such cell comprising DHA consisting essentially of (i) 

a modulatable transcriptional regulatory sequence of 
the gene encoding the growth factor receptor, (ii) a 
promoter of the gene encoding the growth factor 
receptor, and (iii) a reporter gene, which expresses 
15 a polypeptide, coupled to, and under the control of, 

the promoter, under conditions such that the molecule, 
if capable of acting as a transcriptional modulator of 
the gene encoding the growth factor receptor, causes 
a measurable change in the amount of the polypeptide 
20 produced, quantitatively determining the amount of the 

polypeptide so produced, comparing the amount so 
determined with the amount of polypeptide produced in 
the absence of any molecule being tested or upon 
contacting the sample with any other molecule, and 
25 thereby identifying the molecule as one which causes 

a change in the amount of the polypeptide expressed, 
and thus identifying the molecule as a molecule 
capable of transcriptionally modulating the expression 
of the gene encoding the growth factor receptor. 

30 

72. A method of determining whether a molecule not 
previously known to be a modulator of protein 
biosynthesis is capable of transcriptionally 
modulating the expression of a gene encoding a growth 
35 factor receptor, which comprises contacting a sample 
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which contains a pred fined number of cells with a 
predet mined amount of a aolecul to be tested, each 
such c 11 comprising DNA consisting essentially of (i) 
a modulatable transcript i nal regulatory sequence of 
5 the gene encoding the growth factor receptor, (ii) a 

promoter of the gene encoding the growth factor 
receptor, and (iii) a DNA sequence transcribable into 
mRNA coupled to and under the control of, the 
promoter, under conditions such that the molecule, if 

10 capable of acting as a transcriptional modulator of 

the gene encoding the growth factor receptor, causes 
a measurable difference in the amount of mRNA 
transcribed from the DNA sequence, quantitatively 
determining the amount of the mRNA produced, comparing 

15 the amount so determined with the amount of mRNA 

detected in the absence of any molecule being tested 
or upon contacting the sample with any other molecule, 
and thereby identifying the molecule as one which 
causes a change in the detectable mRNA amount of, and 

20 thus identifying the molecule as a molecule capable of 
transcriptionally modulating the expression of the 
gene encoding the growth factor receptor* 

73. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
25 the sample comprises cells in monolayers. 

74. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the sample comprises cells in suspension. 

30 75. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the cells comprise animal cells. 

76. A method of claim 75, where the animal cells are human 
cells. 

35 . 
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77. A method f claim 75, where the animal cells are 
bovine cells. 

78. A method of claim 75, vh re the animal cells are 
5 murine cells. 

79. A method of claim 75, where the animal cells are 
porcine cells* 

10 80. A method of claim 75, where the animal cells are fish 
cells. 

81. A method of claim 75, where the animal cells are avian 
cells. 

15 

82. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the predefined number of cells is from about 1 to 
about 5 X 10 5 cells. 

A method of claim 82, wherein the predefined number of 
cells is from about 2 X 10 2 to about 5 X 10* cells. 

A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the predetermined amount of the molecule to be tested 
is based upon the volume of the sample. 

A method of claim 67, 68, 69, 70, 71 or 72 > wherein 
the predetermined amount is from about 1.0 pM to about 
20 jiM. 

A method of claim 67, 68, 69* 70, 71 or 72, wherein 
the predetermined amount is from about 10 nM to about 
500 fl&. 

35 87. A method of claim 67, 68, 69, 70, 71 or 72, wherein 



20 83. 
84. 

25 



85. 



30 

86. 
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the contacting is ffect d from about 1 to about 24 
hours. 

88. A ; method f claim 87 , wher in the contacting is 
5 effected from about 2 to about 12 hours • 

89. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the contacting is effected with more than one 
predetermined amount of the molecule to be tested. 

10 

90. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the molecule to be tested is a purified molecule. 

91. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
15 the modulatable transcriptional regulatory sequence 

comprises a cloned genomic regulatory sequence. 

92. A method of claim 67, 68, 69, 70, 71 or 72, wherein 
the DNA consists essentially of more than one 

20 modulatable transcriptional regulatory sequence. 

93. A method of claim 67, 68, 70 or 71, herein the DMA 
sequence encoding the polypeptide is inserted 
downstream of the promoter of the gene encoding a 

25 growth factor by homologous recombination • 

A method of claim 67 or 70, wherein the polypeptide is 
a lucif erase. 

A method of claim 67 or 70, wherein the polypeptide is 
chloramphenicol acetyl transferase. 

96. A method of claim 67 or 70, wherein the polypeptide is 
fi glucuronidase. 

35 
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97* A method of claim 67 or 70, wherein the polypeptide is 
p galactosidase. 

98. A method of claim 67 or 70, wherein the polypeptide is 
5 neomycin phosphotransferase. 

99. A method of claim 67 or 70 , wherein the polypeptide is 
guanine xanthine phosphor ibosyl transferase. 

10 100. A method of claim 67 or 70, wherein the polypeptide is 
alkaline phosphatase. 

101. A method of claim 68 or 71, wherein the polypeptide is 
capable of complexing with an antibody. 

15 

102 . A method of claim 68 or 71, wherein the polypeptide is 
capable of complexing with blot in. 

103. A method of claim 69 or 72, wherein mRNA is detected 
20 by quantitative polymerase chain reaction. 

104. A screening method according to any of claims 67, 68, 
69, 70, 71 or 72 which comprises separately contacting 
each of a plurality of substantially identical 

25 samples, each sample containing a predefined number of 

cells under conditions such that contacting is 
affected with a predetermined amount of each different 
molecule to be tested. 

30 105* A screening method of claim 104, wherein the plurality 
of samples comprises more that about 10 4 samples. 

106. A screening method of claim 104, wherein the plurality 
of samples comprises more than about 5 X 10 4 samples. 

35 
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107. A m thod of essentially simultaneously screening 
mol cules to determine whether the mol cules are 

I capable f transcriptionally modulating one or more 
genes encoding growth factors which comprises 
5 essentially simultaneously screening the molecules 

against the genes encoding the growth factors 

according to the method of claim 104. 

. • V 

108. A method of essentially simultaneously screening 
10 molecules to determine whether the molecules are 

capable of transcriptionally modulating one or more 
genes encoding growth factor receptor(s) which 
comprises essentially simultaneously screening the 
molecules against the genes encoding the growth factor 
15 receptor (s) according to the method of claim 104. 

109. A screening method of any of claims 107 or 108, where 
more than about 10 3 samples per week are contacted with 
different molecules. 

20 

110. A method for directly transcriptionally modulating in 
a multicellular organism the expression of a gene 
encoding a growth factor, the expression of which is 
associated with a defined physiological or 

25 pathological effect in the organism, which comprises 

administering to the organism a molecule at a 
concentration effective to transcriptionally modulate 
expression of the gene and thus affect the defined 
physiological or pathological effect, which molecule 

30 (a) does not naturally occur in the organism and (b) 

specifically transcriptionally modulates expression 
of the gene encoding a growth factor, and (c) binds to 
DNA or RNA, or binds to a protein at a site on such 
protein which is not a ligand-binding domain of a 

35 receptor which naturally occurs in the cell, the 
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binding of a ligand to which ligand-binding domain is 
normally associated with a defined physiological or 
pathological effect. 

5 111. A method for directly transcriptionally modulating in 
a multicellular organism the expression of a gene 
encoding a growth factor receptor, the expression of 
which is associated with a defined physiological or 
pathological effect in the organism, which comprises 

10 administering to the organism a molecule at a 

concentration effective to transcriptionally modulate 
expression of the gene and thus affect the defined 
physiological or pathological effect, which molecule 
(a) does not naturally occur in the organism and (b) 

15 specifically transcriptionally modulates expression 

of the gene encoding a growth factor receptor, and (c) 
binds to DNA or RKA, or binds to a protein at a site 
on such protein which is not a ligand-binding domain 
of a receptor which naturally occurs in the cell, the 
20 binding of a ligand to which ligand-binding domain is 

normally associated with a defined physiological or 
pathological effect. 

112. A method of claim 110 or 111, wherein the molecule 
25 comprises an antisense nucleic acid. 

113. A method of claim 110 or 111, wherein the molecule 
comprises a double stranded nucleic acid molecule. 

j- 

30 114. A method of claim 110 or 111, wherein the molecule 
comprises a nucleic acid capable of forming a triple 
helix with double stranded DNA. 

115. A method of claim 110 or 111, wherein the 
35 multicellular organism is a human being. 
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116. A method of claim no or ill, wherein the 
multicellular organism is an animal. 

117. A m thod of claim 116 wherein th animal is a cow. 

5 

118. A method of claim 116 wherein the animal is a pig. 

119. A method of claim 116 wherein the animal is a fish. 
10 120. A aethod of claim 116 wherein the animal is a chicken. 

121. A method of claim 116 wherein the animal is a mouse. 

122. A method of claim 115, wherein the defined 
15 pathological effect is a disorder and modulated 

expression of the gene encoding a growth factor is 
associated with amelioration of the disorder. 

123. A method of claim 115, wherein the defined 
20 pathological effect is pituitary dwarfism. 

f • 

124. A method of claim 115, wherein the defined 
pathological effect is a acute catabolic trauma. 

25 125. A method of claim 115, wherein the defined 
pathological effect is obesity. 

126. A method of claim 115, wherein the defined 
pathological effects are the combined degenerative 
30 disorders of old age. 

. 127. A method of claim 115, wherein the defined 
pathological effect is cancer. 

35 128. A method of claim 115, wherein the defined 
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path logical eff ct is bladder cancer. 

129. A method of claim 115, wherein the defined 
pathological effect is brain cancer. 

130. A method of claim 115, wherein the defined 
pathological effect is breast cancer. 

131. A method of claim 115, wherein the defined 
10 pathological effect is lung cancer. 

132. A method of claim 115, wherein the defined 
pathological effect is ovarian cancer. 

15 133. A method of claim 115, wherein the defined 
pathological effect is colon cancer. 

134. A method of any of claims 110 or 111 wherein the 
administering comprises topical contact* 

20 

135. A method of any of claims 110 or 111, wherein the 
administering comprises oral, transdermal, 
intravenous, intramuscular or subcutaneous 
administration. 

25 
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Figure 8 
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